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PROPOSED SPECIFICATION FOR

Chemical Name

Structural Formula

DESCRIPTION

Chemical Description

Appearance

FUNCTIONAL USES

ISOPROPYL CITRATE (2),

Mixed citric acid esters of 2-propanol

CH, - COOR
|

HO - "¢ ~ COOR
|

CH, = COOR

Where one R in the major component (mono-
isopropyl citrate) is isopropyl and the
remainder is hydrogen.

Approximate composition of isopropyl citrate.

Monoisopropyl citrate (major component) - °
25 parts by weight.

Diisopropyl citrate - 9 parts by weight.

Triisopropyl citrate - 4 parts by weight.

The article of commerce conforms to the
following specifications: Isopropyl
citrate mixture is composed of approximately
38 parts by weight of isopropyl citrate
(distribution of. esters indicated above)
in 62 parts by weight of mono- and di-
glycerides and is an oil miscible semi~-
solid material. The commercial product
may be further specified as to saponifica-
tion value, acid value, citric acid and
isopropyl content.

Isopropyl citrate is a viscous, colorless
syrup exhibiting some crystalllzatlon upon
standing.

Antioxidant, sequestrant.



CHARACTERISTICS

Identification Tests A.

— 2 — .

Solubility

Water: solﬁble.
Ethanol: soluble.

Reflux 2 g of material with 50 ml of
sodium hydroxide TS for one hour.

Distill off 20 ml. Place 8 g chromic
oxide in a flask, add 15 ml water and

-2 ml concentrated sulfuric acid.

Provide the flask with a reflux
condenser and add 5 ml distillate
slowly through the condenser. Reflux
for 30 minutes, then cool and distill
off 2 ml. Add 3 ml water and 10 ml
mercuric sulfate TS to the distillate.
Heat in boiling water bath for three
minutes. A white or yellow precipitate .
within three minutes indicates the

" presence of isopropanol.

.

Reflux 3 g of material with 50 ml of

sodium hydroxide TS for one hour and

stand to cool. This solution is used
for the following tests.

(1) Neutralize the solution with
diluted sulfuric acid (1 in 20),
add an excess of mercuric sul-
fate TS, heat to boil, and add
potassium permanganate TS. The
colour of the solution disappears
and a white precipitate is pro-
duced.

(ii) Neutralize the solution with
hydrochloric acid, add an excess
of calcium chloride TS and boil.
White crystalline precipitate,
which is insoluble in sodium
hydroxide TS but soluble in
dilute hydrochloric acid TS,
is produced.




Purity Tests Acids, other than citric acid, and
alcohols other than 2-propanol, should
be absent. ¢

* Sulfated ash: Not more than 0.3%.

* Arsenic: Not more than 1 mg/kg. .
* Lead: Not more than 10 mg/kg.

* Heavy metals: Not more than 30 mg/kg.

* See General Methods.

ISOPROPYL, CITRATE MIXTURE

DEFINITION

Isopropyl citrate mixture, used as a sequestering agent in anti-
oxidant mixtures and in fatty foods, is defined by the Joint
FAO/WHO Expert Committee on Food Additives in its Sixth Report
(1) as "A mixture consisting of approximately 27% monoisopropyl
citrate, 9% diisopropyl citrate, 2% triisopropyl citrate, and
62% mono- and diglycerides.

Subsequently, the modified specification given in this report,
reflecting and composition of isopropyl citrate mixture as actually

used, was proposed to the Joint Expert Committee (2).

DIGESTIBILITY

The digestibility of isopropyl citrates was studied in the early
fifties by Deuel and his co-workers at the University of Southern
California at Los Angeles. Incorporation of isopropyl citrate
esters in amounts as high as 10% of the diet of rats or dogs re-
sulted in almost complete absorption of the esters without lowering
the digestibility of the dietary fat (in this case, margarine) (3).

TOXICITY

Deuel and his co-workers determined acute toxicity of isopropyl
citrates in rats and dogs, conducted short-term feeding studies
in rats, rabbits and dogs, and long-term feeding studies in rats.
No deleterious effects were observed in any of the studies (4).



The biological data supplied in the Sixth Report of the Joint
FAO/WHO Expert Committee on Food Additives (1) were as follows:

BIOLOGICAL DATA ¢

Acute Toxicity

Animal Route . LD5Q Reference
(mg/kg body weight)
Rat oral 2800-3700 1
Dog oral ] 2250 1

Short-term studies

Rat

A group of rats were fed isopropyl mixture in the diet at the
rate of 1500-2000 mg/rat per day for 6 weeks. There was no
demonstrable effect on_growth or mortality and there were no
pathological findings.l

-

Rabbit .
A group of rabbits were fed isopropyl mixture at an average level
of about 3600 mg/rabbit per day for 6 weeks. There was no demon-
strable effect on growth or mortality and there were no abnormal

findings post mortem.l

Dog
A group of dogs were fed isopropyl mixture in the diet at the level
of 0.06% for 6 weeks with no demonstrable effect on growth or

mortality and no pathological findings.l

Long-term studies

Rat

Groups of rats were fed isopropyl mixture in the diet at the levels
of 0%, 0.28%, 0.56% and 2.8% for a period of two years. No dele-
terious effects were noted in any of the treated groups with respect
to growth rate, mortality or histopathology of the tissues.l

1. Deuel, H.J., Greenberg, S.M., Calbert, C.E., Baker, R. &
Fisher, H.R. (1951) Food Res., 16, 258.



Multigeneration studies likewise indicated that isopropyl mixture
at a level of 2.8% in the diet was innocuous.l

Biochemical aspects ¢

Studies in the rat showed that isopropyl mixture was readily ab-
sorbed when it was incorporated in the diet up to the 10% level.

Comments on the experimental studies reported

No deleterious effects were observed in the short-term studies
in rats, rabbits and dogs, or in the long-term studies in rats.

EVALUATION

Level causing no significant toxicological effect in the rat

2.8% (=28,000 ppm) in the diet, equivalent to 1400 mg/kg
body weight per day.

Estimate of acceptable daily intakes for man

mg/kg body weight

Unconditional acceptance . . . . . . 0-7
Conditional acceptance . . . . . . . 7-20

l. Deuel, H.J., Greenberg, S.M., Calbert, C.E., Baker, R. &
Fisher, H.R. (1951) Food Res., 16, 258.

2. Calbert, C.E., Greenberg, S M., Kryder, G. & Deuel, H.J.
(1951) Food Res. 16, 294.
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Isopropyl citrate was one of a number of substances reevaluated
by the Joint Expert Committee in 1966. 1In its Tenth Report (5),
it gave the same values as in its Sixth Report for unconditional
and conditional intake levels. ’

In 1973, the Joint Expert Committee revised its Acceptable Daily
Intake statement contained in the Seventeenth Report (6) to read:

"Isopropyl citrate mixture and monoisopropyl citrate.
On the basis of the no-effect level in the rat, the ADI
for man was estimated at 0-14 mg/kg body weight."

U.S. FOOD AND DRUG ADMINISTRATION STATUS

Isopropyl citrate is listed as generally recognized as safe as a
sequestrant with a tolerance of 0.02% (7).

USES

Reports in the technical and patent literature document the use

of isopropyl citrate. in the stabilization of oils (8,9,12-24);

for flavor retention of cheese (26); in the stabilization oﬁ de~
hydrated food products (27), of egg products (27-29), of margarine
(10,25), of milk fats (11), of nut meats (30), and of potato chips
(31); and to improve the whipping properties of gelatin and gelatin-
containing products (32).

-
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finding that could be attributed to the diet. Loss of calcium or other fixed

bases was not observed. The dental attrition was found to be slightly
more marked than in the control groups.®

B

Biochemical aspects

" In man, citric acid is an important intermediate in the Krebs citric acid

cycle, which represents the pathway of aerobic oxidation of pyruvic acid
in the body.

Comment on experimental studies reported

In cvaluating the acceptance of citric acid, emphasis is placed on its

well-established metabolic pathways. Toxicological studies on animals
supplement this information. - o

Evaluation

Level causing no significant toxicological effect in the rat

1.250 (= 12000 p.p.m.) in the diet, equivalent to 600 mg/kg body
weight per day. - - - :

Estimate of acceptable daily intakes for man

mg/kg body weight

Unconditional acceptance . . . . . . | c e 0-(0
Conditional acceptance . . . . . . . e 60-120

References

I. Gruber, C. M. & Halbeisen, W. A. (1948) J. Pharmacol. c,\"p. Ther., 94, 65
2. Krop, S. & Gold, H. (1945) J. Amer. pharm. Ass., sci. Ed., 34, 86
*3. Bonting, S. L. & Janscn, B. C. (1956) Voeding, 17, 137

ISOPROPYL CITRATE MIXTURE

Definition A mixture consisting of approximalely
2755 monoisopropyl citrate
9%, diisopropyl citrate
' 234 triisopropyl citrate )
627 mono and diglycerides
Description More readily soluble in oils than citric acid.
Use As a scquestering agent in antioxidant mixtures

~and in fatty foods.

ety

NP ,._s;'- i
. X o |

P S




. A R
' ' 4 N [ AR M S Y ey
.. . .
','"L A . -~ : ’
: “ L .
\
) e VT I e A et revocee
. - . .~ . " T IR T RN S P
- R L I At . .t [ PR S P S Y & W et € AR W ] g
! u'ﬁpzy.va‘-y}\;;(;’-ym.—a-‘;.‘;.*‘\-,\... LT RO S T ROy ) M‘...'~.-4._'-‘ L R W '-;‘"-‘-:‘4.:;'\”.\’; EeY t’:.f-.-.,- B AL T A S ol A
~ Ty T UG LD
o ) &-N

2,

o g
£y 9 C‘i .

LRl W .NJ.J..'.’JJ‘E‘ A Lo

For. o~ -:3-7 "
¢

52 FOOD ADDITIVES

Biological Data
- Acute toxicity b - - .
: ’ : o S
Animal Route LDy, Reference 44 :"-\_’:‘5’;3,{:-‘&‘!{
(mg/kg body weight) ?;

St 3‘8
Tl By 36 20

Rat oral 2800-3700 1 ¢ ‘w-m
Dog oral ‘ 2250 1 o P

Short-term studies
Rat

A group of rats were fed jso
- 1500-2000 mg/rat per day for 6

propyl mixturc in the dict at the rate of
weeks. There was no demonstrable effect

. . N a “n i L
on growth or mortality, and there were no pathological findings.! . ":I?f'%gi"‘*
. L Wit el
‘ OS5
Rabbit . L-'—‘“’
’ b : .
A group of rabbits were fed isopropyl mixture at an average level of- ; .
about 3600 mg/rabbit per day for 6 weeks. There was no demonstrable 3 s
_effect on growth or mortality and there were no abnormal findings post .
mortcm.! ‘ .2 9 :
_ s : S
- . . . . AR e 4
A group of dogs were fed isopropyl mixture in the dict at the level of ﬁ%}ﬁ -
. I ‘ i
0.06%; for 6 weeks with no demonstrable effect on growth or mortality P e
and no pathological findings.! -

. : - —————
Long-term studics : , ‘ L
Rat ‘ } -

. . . . 1 .
Groups of rats were fed 1sopropyl mixture in the dict at the levels of i T
077, 0.28%, 0.56% and 2.87, for a period of two years. No deleterious A S

effects were noted in any of the treated grou

mortality or histopathology of the tissucs.}
Multigeneration studics likewise indicat

a level of 2.8% in the dict was innocuous.!

ps with respect to growth rate,

ed that isopropyl misture at : 2T

Biochemical aspects

Studics in the rat showed that isopropyl mixture was rcadily absorbed
when it was incorporated in the diet up to the 1079 level .*

B ST

1/0
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; P , Comments on the experimental studies reported
- A i .} No delcterious effects were observed in the short-term studics in rats,
E—— rabbits and dogs, or in thc'long%crm studics in rats.
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Evaluation

v

- Level causing no significant toxicological effect in the rat

2.8% (= 28000 p.p-m.) in the dict,
weight per day.

Estimate of acceptable daily intakes for man

Unconditional acceptance
Conditional acceptance

1. Decuel, H. I., Grccnbcrg, S. M.
Food Res., 16, 258

2. Calbert, C. E., Grccnbcrg.

294

Chemical name

Empirical formula

Structural formula

Definition

Description

Use

Acute toxicity

There is no dircet inform
animals. It js probably similar to th

Animal

Mouse
IRag
' Rat

~
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—~ Sodium hydrogen di
C;H;,0,Na - H,0
CH,;COONa - CH,;COOH - H,0
Sodium diacetate is g
sodium - acctate
less than 39% or

A white, hh
odour. I g

References

S. M., Kryder, G. & Deucl,

SODIUM DIACETATE

Biological Data

ation on the LD

,» Calbert, C, E., Baker,

acctate

and acetic acid,
free acetic acid.

mg/kg body weight

molecular compound of
containing not

ygroscopic crystalline solid with an acetic
is soluble in | ml of water,

Mould and rope inhibitor in baked goods.

50 Of sodium diacetate in
at of neutralized acctic acid.

Neutralized acetic acid

Route

oral 330
oral 4960
oral 3530

Lo,
(R/KR body weighe)

Reference

53

cquivalent to 1400 mg/kg body

R. & Fisher H. R. (1951)

H. J. (1951) Food Res., 16,
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"Reference 2

Maxch 11, 1974

Dr. R. K. Malik

Joint Secretary

Joint FAO/WHO

Expert Committee on Food Additives
Food Policy & Nutrition Commission
Food & Agricultural Organization
via Delle Terme Qdi Caracalla

00100 Rome

Italy

Dear Dr. Malik:

As a supplier of isopropyl citrate, we have been asked to comment

on the proposal that was submitted to the Codex Committee on Food
Rdditives. These comments have been incorporated in the attached
proposed specification sheet. 1Isopropyl citrate refers to a mix-
ture of . lsOpropyl citrate esters (predominantly isopropyl citrate).

For ease of use, the article of commerce consists of a blend of 38%
of this mixture of esters in 62% of a blend of .mono- and diglycerides.

We have reproduced the identification tests listed in the original
specification. In our. hands, the tests listed under "C" are much
more effective than those listed under "p."

If you have any questions concerning this modified Spec1ficatlon,
please write to re.

Sincerely yours,

Tl Mg

Edwin L. gexton .
Lsgistant to the Vice President
Research and Quality Control
ELS:hg

cc: Dr. Durwood F. Dodgen
Dr. Herbert Blumenthal
Mr. Charles Feldberg

Lo . Ry
oY
a€w




- Chemical Name

Structural Formula

- DESCRIPTION

Chemical Description '

Appearance

FUNCTIOHAL USES

- following specifications:
 Mixture is composed of approximately 38 parts
by weight of isopropyl citrate (distribution
. of esters indicated above) in 62 parts by .

weight of wmono- and diglycerides and is an

ISOPROPYL . ITRATE

Mixed citric acid esters of 2-propanol .

.

CH, =~ COOR
|

HO - € - COOR
"
CHy =~ COOR

.‘Where one R in the major component (ﬁnnof;fffu"t
.. isopropyl citrate) is isopropyl and the N

remaindexr is hydrogen.

Approximate composition of isopropyl citrate: . S

- Monoisopropyl citrate (major c°mp0nant) - ;g;;%;

25 parts by weight. .

_["Dilsopropy}_ citrate - 9 parts by Weight. R

Triisopropyl citrate - 4 parts by we;ght.
‘.
The article of commerce conforms to'the

0il niscible semisolid materizal. The

commercial product may be further specified |

as to saponification value, acid value,
citric acid and isopropyl content.

Isopropyl citrate is a viscous, colorless

- syrup exhibiting some crystallization upon

standing.

Antiloxidant, sequestrant.

Isopropyl Citrate

- aie

N +
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- CHARACTERISTICS

Identification Tests

A.

B.

Solubility

Water: = solvble.
Etbanol: solubie.

Reflux 2 g of material with 50 ml

of. sodium hydroxide TS for 1 hour.
Distill off 20 ml. Place 8 g chronic
oxide in a flask, add 15 ml water and "
2 ml concentrated sulfuric acid.:

Provide the flask with a reflux con-xgi,,z

denser and add 5 ml distillate slowly
through the condenser. Refiux for

30 minutes, then cool and distill

off 2 nl, Add 3 ml water and 10 ml

mercuric sulfate TS to the distillate, =~ -~
Heat in boiling water bath for 3 minnte?.

A white or yellow precipitate within
3 minutes indicates the. presence of

~i80pr0panol.

, ¢
Reflux 3 g of material with 50 ml of
sodium hydroxide TS for 1 hour, and
stand to cool. This solution is used

 for the following tests._f,-’

' “(i) Neut:alize the solution with

diluted sulfuric acid (1L in 20),
add an excess of mercuric culfate
TS, heat to boil, and add potassiun
permanganate TS. The colour of

the ® lution disappears and a

white precipitate is produced.

{(ii) Neutralize the solution with hydro-
chloric acid, add an excess of
calcium chloride TS and boil. .Vhite
crystalline precipitate which is
insoluble in sodium hydroxide TS,
but soluble in dilute hydrochloric
acid s, is produced. -




Purity Tests

Acids, other than citric acid, and
alcohols other than Z—propanol, sheuld
be &baent.-

*Sulfated ashs Not more than 0.3%.

“nrsenic: Not more than 1 wmg/kg.

*1ead: Not more than 10 mg/kg.

~ *Heavy metals: Not more than 30 mg/kg.f *‘ ?“

;-‘.-rw N L. «;s»-—.... EESA

* see General Methods.
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| Reprinted from Foop REsEARCH, 1951, Vol. 16, No. 4, Pages 294-305]

THE DIGESTIBILITY OF STEARYL ALCOHOL, ISOPROPYL
CITRATES, AND STEARYL CITRATES, AND THE EFFECT
OF TIIESE MATERIALS ON THE RATE AND DEGREE
OF ABSORPTION OF MARGARINE FAT»®

CLARENCE E. CALBERT, SAMUEL M. GREENBERG, GEORGE
KRYDER, AND HARRY J. DEUEL, JR.

Department of Biochemistry and Nutrition, University of Southern
California, School of Medicine, Los Angeles, California

(Manuseript received January 6, 1951)

The composition, functions, and non-toxicity of mixed isopropyl citrates,
predominantly mono-isopropyl citrate (IC), and of the mixed stearyl cit-
rates, predominanﬂy distearyl citrate (SC), and of the alcohol components
of these esters have been presented in an earlier publication (3). Mention
was made of the limited solubility of 1C in oils requiring a vehicle for
effecting dispersion of the IC in the oils. For this purpose a mixture of
mono- and diglycerides was employed. This solution of IC will be referred
to hereafter as IC plus Vehicle. The detailed composition of these additives
to oils for purposes of flavor stabilization has been presented in the earlier

paper by Deuel, Greenberg, Calbert, Baker, and Tisher (3).

Qne purpose .of the present study was to determine whether IC plus
Vehicle or SC alters the rate of absorption of fat. Secondly, the digesti-
bility of IC plus Vehicle and SC was also investigated. Finally, it was of
importance to know whether either of the above components may exert
any effect on the utilization of fat. In order to make a wider interpretation 4
of the results possible, the digestibility studies were made on 2 species of )
animals, namely the rat and the dog. Tests were likewise carried out with
a commercial stearyl aleohol to compare the atilization of this free aleohol
with that of its citrie acid esters. o e

[T

EXPERIMENTAL

The studics on the effect of isopropyl and stearyl citrates on the rate of absorption
of margarine fat were made by tlie procedure previously deseribed (4). Such an experi-
mental approach would test whether 1C plus Vehicle or QO everts an inhibiting effect on
the lipolytic enzymes or on other absorption processes.

The procedures usually employed in this laboratory 2}, modified as indicated
below, were used for the digestibility tests. The experiments were made on 118 female
rats, obtained from our stack eolony, which weighed approximately 200 g. each. Ordi-
narily, 10 rats were used per group, although.as few as & were employed in 2 cases,
while one group consisted of 20 rats. The rats were placed on the dicts containing the
fats to be investigated for an orientation period of 5 days. Following this preliminary
snterval, the food consumption was recorded and the feces collected over a period of
8 days. The eomposition of the diets is recorded in Table 1.

The foees were analyzed for neutral fat and soap according to the procedures out-
Yined by Augur, Roliman, and Deucl (1). Any unabsorbed IC, 8C, or stearyl alcohol
}vould appear with the neutral fat and/or soap fraction.

R

* Qarried out under 2 research grant from The Best Foods, Inc.

b paper No. 276 from the Department of Biochemistry and Nutrition, University of
Southern California.
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EFFECT OF ADDITIVES ON ABSORPTION OF MARGARINE FAT

The digestibility of the total fat in the diet in the tests with IC plus Vehicle

(Groups 1 and 2), and of the margarine fat when fed alone (Groups 8 to 11), is
calculated by the usual method (1). In the case of“the experiments on stearyl aleohol
(Groups 3 and 4) and on SC (Groups 5 to 7), estimations of the digestibility of the
stearyl alecohol or SC and of the margarine fat were caleulated as indicated in the
appendix.

The digestibility experiments on dogs were made over a 12-day period during the
last third of the 12-week toxicological tests reported elsewhere (3). The feces were
separated by the use of carmine markers which were fed on the first and thirteenth
days of the test. The feces were well formed and could readily be collected quanti-
tatively. The methods for analysis are largely similar to those employed in the rat tests.

TABLE 1
Diets used in the digestibili‘ty.expetimcnts on rats
. Diet Percentage composition “'
and Marga- )
i i Salt 1 IC pt St 3]
namber | Cosein ot Sucrose | istures | Yorstt | SORGS | eary] se
1 18.0 22.5 46.0 7.0 4.0 25 | . rnene
2 18.0 15.0 46.0 7.0 4.0 100 | ... eaes
3 18.0 23.2 46.0 7.0 4.0 | ... 1.8 .
4 18.0 175 46.0 7.0 4.0 | .. 7.5 -
5 18.0 22.5 _46.0 7.0 4.0 | 2.5
6 18.0 15.0 46.0 7.0 4.0 | ... N . 10.0
7 18.0 24.87 49.0 4.0 4.0 | ] . 0.13
8° 18.0 15.0 56.0 7.0 40" | L. '
9 18.0% 15.0 56.0 7.0 40 | ... O
10 J18.0% 22,5 - 48.5 7.0 4.0 e
‘11 18.0 25.0 49.0 4.0 4.0 e -
12 18.0 0 74.0 4.0 4.0 | . | .

€ Oshorne-Mendel salt mixture.

4 Anheuser-Busch Strain G.

*Data from paper of Crockett and Deuel (2).

fOne per cent liver extract (Wilson, 1:20) replaced an equal proportion of yeast.
¢Vitamin-test casein used. Commercial casein was employed in all other tests,

In order to determine whether the stearyl citrates could be hydrolyzed by the dog,
samples of fresh feces were removed from the cage in the period directly after the
completion of the digestibility tests. These were stored in the deep freeze until analyses
could be completed. An aliquot was removed for the determination of the dried stool
percentage. Another aliquot was used for the determination of any citric acid in an
aqueous extract. Citric acid wae also determined in the aqueous extract following
saponification of another aliquot while an analysis for stearyl alcohol was made on the
N.S.F. of this sample. The content of stearyl citrates in the stool was calculated on
the basis that the citric acid makes up the same proportion of the ester mixture as in
the original SC preparation fed. Any stearyl aleobol remaining over and above that
accounted for in ester form was considered to be present as the free alcohol. The method
of Pucher, Wakeman, and Vickery (8) as modified by Perlman, Lardy, and Johnson (?7)
was used for the estimation of citric acid,

Table 2 gives the composition of the diets used in the digestibility tests with dogs.

The isopropyl and stearyl citrates were obtained from The Best Foods, Inc., while
stearyl aleohol was a commnercial product purchased from du Pont which bears the
trade name stenol. The ideutitics of these produets were established by analysis in
our laboratory. The data on the eitric acid esters are repurted clsewhero (3).

Stearyl aleohol was found to have the following constauts: m.p., °C., 57 to 57.6
(59.4 to 59.8)%; and acid value, 0.0. Acetylated stearyl aleohol prepared from stenol
gave the following values: saponilication value, 177.6 (179.5, theory) ; m.p., 31 to 32°C.
(32.85°C.)%; freezing point, 20.7°C. (30.25°C.)*. ’

¥ The values in parcntheses (except that marked theory) are from Heilbron (6).

[2]
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C. E. CALBERT, S. M. GREENBERG, G. KRYDER, AND J. DEUEL, JR.

" RESULTS

- Experiments With Rats¢ :
Absorption Experiments. The absorption tests were made on male and ;

female rats over 4- and 6-hour periods following the administration of

margarine fat without or with IC plus Vehicle (3.33%) or SC (5%). The

animals were adults which had been previously fasted for 48 hours. The
margarine fat without or with the additives was fed at a level of approxi-
mately 300 mg./100 sq. em. of surface area. A total of 91 rats was used

in the study.

TABLE 2 ‘
Composition of the diets used in the digestibility tests with dogs i
—_— = j
Composition of diet H
.Food component i
D1 D2 D3 ;’
. . Va Yo o
Commereial casein 20.0 20.0 20.0 H
Sucrose.................. 35.0 35.0 35.0
Dextrine oo . 12.2 12.2 12.2
Margarine £at™...m v 18.3 18.24 15.3
Cod-liver oil (U. R S 5.0 5.0 5.0
Cellu flour! 2.5 2.5 2.5
Salt mixture (10) 2.0 2.0 2,0
Dried brewer’s yeast!........ 5.0 5.0 5.0 *
IC IS Vehiclenmsumnnrremrvrsrrsrsessresmmmmmsnn] oo 006 | ...
SC. . P R B 3.0 1
. BWithout additives. '
1 Obtained from Chicago Dietetica Supply House,
1 Anheuser-Busch, Strain G . 5.

The rate of absorption was calculated by dividing the weight of the -
sample absorbed [weight of sample fed — weight of fat recovered from

tract of fasting male rats was found in these tests to be 59 mg. per rat : ' i
while the figure obtained earlier for female rats which was used, was 30
mg. (1). These values were employed for correcting for residual fat in
the gastrointestinal tracts of the experimental animals which would not

be of dietary origin.

A summary of the results of
Neither IC nor SC would

appear to have any depressing effect in rats
on the rate of absorption of margarine fat from the gastrointestinal tract
at the levels given. The concentration of IC plus Vehicle used in these
tests is 133 times the amount at which it is proposed to use this mixture
{0.025%) in margarine fat, while SC was incorporated at somewhat ore
than 25 times the proposed maximum for usage (0.15% in margarine).
Digestibility Experiments in Rats, Table 4 records irestibility experi-
ments in which IC plus Vehicele, stearyl aleohol, or SC was added to the
dietary fat at several levels.
included to bring the total lov
“diet. The control experiments
tests in which margarine Tut w

: -

absorption is included in Table 3.

In all eases, sufficient margarine fat was

el of fat plus test substance to 25% of the
are summarized in Table 5, These melude
s Ted at 15, 22.5, or 259 of the dicet without

the above additives (Groups 8§ to 11). Group 12 gives the experimental

3]
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TABLE

3

The absorption of margarine fat without or with IC plus Vehicle or SC from the
gastrointestinal traects of rats

Fat
G Number Body Ahsorbed Fat
roup Category of Sex weight recov-
no. rats after Fed Per 100 ered
fasting Total sq. em.
per hour
Margarine fat alone or containing 3.33% IC plus Vehicle ,
9. ng. mg. my % .
1 Recovery
a. Margarine fat alone 8 M 280 1083 | wee | e 91.7
b. Margarine fat with IC plus Vehicle 8 M 264 1044 | L L 89.5
2 Absorption (4 hours) :
e. Margarine fat alone 10 M 265 1045 593 417 | ...
d. Margarine fat with IC plus Vehicle 9 M 259 1028 643 455 | ..
3 Absorption (6 hours)
e. Margarine fat alone.. 9 M 266 1046 780 36.5 oo
f. Margarine fat with I1C plus Vehiele 9 M 283 1068 737 33.2 i
N Margavine fat alone or containing SC (5%)
4 Absorption (4 hours)
g. Margarine fat alone.... 10 F 158 766 ‘352 432 | ..
h, Margarine fat with SC 8 F 158 797 345 435 | ... .
5 Absorption (6 hours)
i. Margarine fat alone... 10 F " 161 774 569 36.0
J. Margarine fat with SC... 1o F 156 797 584 37.5

-

e e o o e o AR 1 % ot miet o poi ry —prs A SPEV NIy v




N - - <
TABLE 4
Summary of digestibility experiments on rats of fats containing IC plus Vehicle
(Groups 1 and 2), stearyl aleohol (Groups 3 and 4), or SC (Groups 5 to 7)
Group number
Category
1 2 3 4 5 6 17
Number of rats used 9 9 10 9 9 10 9
IC plus Vehiele in diet, u i 2.5 10,0 | e T e O
Stenol (stearyl aleohol) in dict, To.cenerererscesrmmrereensees A 1.8 7.5 | e . -
SC in diet, §0umnenrerrerresesnesnessssssssisonsas P O N 2.5 10.0 0.13.
Inerease 1N Welght, Ze et 4.1 5.2 3.2 —7.4 —2.0 0.0 —0.1
Eaten, £at, Seorssemmenes eerees s e saseeraesaeeseseat s 15.6 10.7 15.5 8.4 9.6 8.2 16.4
Eaten, test substanece, Zuoeeenneeieniens 1.74 7.16 1.20 3.58 1.07 5.45 0.686
Feces, dry weight, Qoo 4.86 5.12 5.46 5.98 5.10 9.30 3.69
Feces fat, neutral fat, geveeens 3 0.297 0.319 0.516 2.807 237 3.195 0.613
Feees fat, soaps, feeen . N 0.589 0.453 1.014 0.754 2.299 3.787 0.664
Feces fat, corrected N.S.F,, g I ovens 0.131 1.632 0.902 3.419 0.032
Feces fat, totia], Buimmmiimiininmm 0.886 0.774 1.530 3.561 3.556 6.982 1.277
Feces fat, corrected total,' g...... 0.638 0.515 1,254 3.258 3.357 6.734 1.033
Digestibility of fat alone™ 96.2 = 0.4 97.1 + 0.3 919 +1.0| 808 %21 771 %13 71.6 =3.0 | 941 +0.6
§8.6 = 4.2 | 548 =5.7 5.7 %39 54,3 # 8.1

Digestibility of test substance™

sreese

103 = 4.8

tCorrected for metaholic fat 50.5 mg. per g, dried feces. Group 7 is based on metabolic fat results of Group 12,

mIncluding the standard ervor of the mean caleulated from the formula, Vv d¥/n=l/ v n, where d is the deviaiion from the mean and n is the number of

observations,

-
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EFFECT OF ADDITIVES ON ABSORPTION OF MARGARINE FAT

_data of the tests for the dctermination of metabolic fat where a fat-free

. diet was employcd. Ordinarily 10 rats were used per group although as
few as 6 were employed in 2 cases, while one group consisted of 20 rats.
All tests were made on female rats which weighed approximately 200 g.
each since these were available at the time of the tests. A total of 115
animals was used in these tests.

TABLE 5

Summary of control digestibility experiments without fat or with
margarine fat at several levels

Group number
Category

8 i 9 | 10 11 12
Number of rats used......coceeeerren 20 6 6 10 1 8
Fat in diet, %..ccccovn.. " 15.0 15.0 22.5 25.0 0
Increase in weight, Boivinineennnsd —1.0 2.8 2.5 —0.2 49
Fat eaten, guenvrenne. . 10.7 10.2 13.6 15.0 0.0
Feees, dry weight, Zoiiiennninn 4.40 3.33 322 - 3.26 2.82
Feces fat, ncutral fat, ge.oeeneenedd 0.240 0.113 0.342 0.468 0.107
Feces fat, s0aps, L. . 0.300 0.341 0.334 0.484 0.081
Feces fat, total N.S. F 0.091 0.058 0.192 0.116 |} ...
IPeces fat, total, g....ccvrnras . 0.540 0.474 0.678 0.952 0.188
Feces fat, corrected total, g.%....... 0.310 0.306 0.516 0.750 0.066°
Coefficient of digestibility®........... 97.0 +0.4' 97.0 = 0.91 96.3 = 1.51 95.2 0.9 i ......

nCorrected for metabolic fat of 50.5 mgz. per g. dried feces. Groups 7 and 11 corrections are
based on metabolic fat determined in Group 12,

oTotal g. feces fat per g. dried feces (metabolic fat).

?Including the standard error of the mean caleulated by the formula given in footnote ™,
Table 4. .

Experiments With Dogs

Digestibility experiments were made with 3 groups of 3 dogs each. One;

group comprised the controls in which the fat with no additives was fed, "

the second consisted of those in which the test dict included IC plus Vehicle
(0.06% of the diet, 0.25% of the fat), while the final group received 3%
SC in the diet (14.8% of the fat). The data of the individual tests are
summarized in Table 6.

When the diet contained 13.3% margarine fat and 5% cod-liver oil
without additives, the average coefficient of digestibility without eorrecting
for the metabolie fat was 95.3. After correcting for the metabolic fat using
the correction figure of 0.198 g./g. dried stool (5), the digestibility values
for fat averaged 99.7%. The corresponding figures for digestibility of
margarine fat containing IC plus Vehicle are 95.5% and 99.7% without

. and with the correction for metabolic fat.

On the other hand, considerably lower values were obtained for the
* digestibility of the lipid as a whole in the tests where SC was given. This
average value was 79.8%. Iowever, when correction is made for the SC
and stearyl aleohol content of the feces, the coefficient of digestibility of
fat (still uncorrceted for metabolic fat) is approximately 87%. Finally,
when the correction for metabolic fat is likewise applied, the mean coeffi-
cient of digestibility averages 94.5.
There are several assumptions that it has been neeessary to make in
order to caleulate the digestibility of fat in these tests. 1ln the first place,

f61
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TABLE 6

Digestibility tests of margarine fat and eod-liver oil in dogs “.'hen fed alone in the diet
or with IC plus Vehicle or with SC

. Control tests IC plus Vehicle tests SC tests
Category Dog Dog Dog Dog Dog Dog Dog Dog
. o2 3 5 6 7 9 10 11
Food caten, g...... 3962 974 974 3305 | 968 968 2870
Fat eaten, guoeeooveeereinn, : 228, 923.1) 2269 | 2926.0 775.0 | 196.5 | 196.5 582.6
e SUSEARCE €A, B ssnced o | o | 0.58 | 0.38 2.00, 201 | 291 86.1
Feees
Dry weight, g, et eens 49.1 ' 68.7 284.7 | 523 43.7 207.5 86.8 | 103.7 221.6
Corrected dry WOIENE, B % eeeneeeens s B I B e e IV R , 724 87.7 1874
Lipid exereted .
Neutral fat, goveeennnn, . « 440 | 4539 369 6.71 3.63 22.8 26.7 35.8 69.1
Soaps, g 3.60 335 @293 2.70 3.05 26.2 10.5 121 30.1
Total, o. 8.00 7.94 66.2 9.41 6.70 49.0 37.2 47.9 99.2-
Corrected Lor metabolie £at, B ummummmmssmmeressonsssmnsossrn 0.00 0.00 9.2 0.00 0.00 80 | e | |
Corrected for SC and seearyl aleohol only, gt e | || T80 22.8 31.9 65.0
Corrected for 8C, stearyl aleohol, and metabolie £at, guuvvnn] s | o | o | | R I 85 14.5 27.8
Cocfiicients of digestibility < | l
Total Hpideumveeeemreorsesensseereses e e 96.5 96.7 92.8 | 957 97.1 93.8 81.1 75.6 , 82.8
Fatoiiresinnn, . . :
COrreeted £0r MEtabOlie fatuu.mumrmmmmrermrssossso | 100.0 100.0 " 99.2 | 100.0 100.0 99.0 B O
Corrected for SC and stearyl aleohol only............... B T T S Yo R R 88.3 83.8 88.9
Corrected for SC, stearyl aleohol, and metabolic fatu. s vovs | o | [ I 95.6 | - 926 95.2
SC alone..m s . UL O STl [P Y I 505 43.0 60,2

A Corrected by suhtrn‘cﬁng weight of SC plus steary! aleohol (Item o, Tuble 7) from tota! weight of dried feces. *Corrected for metabolic fat by multiplying cor.
rected dried feces weight by 0.198 (5),

i
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EFFECT OF ADDITIVES ON ALBSORPTION OF MARGARINE FAT

since no figure for estimating metabolic fat has been reported for the dog,
the same value has been assumed as for man. This figure would appear
to be too high, since the metabolic fat calculated from it exceeds the figure
for total fecal lipid found in 4 of the 6 tests on fat alone or fat with IC
plus Vehicle. Moreover, since some of the citric acid from the stearyl
citrate esters in the stool may be unavoidably destroyed on saponification,
the resulting calculations for non-fat residues in the feces may be too low.
This would cause the calculated coefficients of digestibility of fat to be
too low. Such an error would have only a small effect on the results (less
than 1%).

TABL'E 7
The determination of the proportion of SC and stearyl aleohol exereted in the
\ . feces of dogs after the administration of SC
Category D.Sg ’ I;‘(‘)g DIOI:; D];g

Stearyl aleolol exereted:

() N.8.F., total, mgeworennen. 258(1) | 219(4) 230(2)

(b) N.B.F., control valie, Mg eeomnreereieresssnsend 33 33 eene 33

(¢) Steary! aleohol, total, mg. (a-b) 223 186 R~ 197
Citric acid excreted: ) :

(4) As free acid (before hydrolysis), mg....oeen. -0 0 | .. 0

(e) Combined (after hydrolysis), Mg...eeecrnrinsd 46(1) | 49¢(4)| ... 50(2)
Distribution of stearyl aleohol:

(f) "Total, mg. (e)....... 225 186 ——— 197

(g) Combined,mg. (caleculated from e)®....ceereerennens 129 138 | ... 140

(h) Free, mg. (f-g) 96 45 | e 57
Calculation of SC hydrolyzed: ) s

(i) Total stearyl aleohol as SC, mg. £

(ealetlated From ) tirensceeensesreresens. 200 240 | ... .1 254

(3) Unhydrolyzed SC, mg. (caleulated from e)™...] 166 178 - 181

(k) Iydrolyzed, mg. (i~—=J)cvmrrrvrrerrmnrresiniernerereesennd 124 62 | ... 73

(1) Hydrolyzed, 96 (/i X 100).uiveiereirarerreaen 42.8 258 | .. 28.7
Calculation of SC and stearyl alcohol content of

feces in digestibility tests (Table 6):

(m) N.8.¥., total, gm.” 14.7 16.1 24.8 e

(n) N.S.F., corrected, gm.~ 12.3 13.2 28.6 | e

(o) Stearyl aleohol and SC in feees, g.

[(n X 1) + (100 — 1) Xn X ff’Tz':l .................... 144 | 160 | 342 | .
-

Figures in parentheses give numbher of determinations of which preceding value is the average,
Values a-k represent mg. per g. of dried stool.

® Combhined citric acid X 2.81 (5340/192),

¢ Corrected stearyl aleobol X 1,29 (696/540).

v (Combined citric acid X 3.63 (696/192).

¥Value analytically determined.

w Control N.SF¥. (estimated as 17.2% of dried feces) subtracted from m. Item o determined
as indicated from tentative value of n. Viilue obtained in item o subtracted from weight of dried
fecos in Table 6. Corrvected dry weight X 33 mg. gives the final correction to be applied to item m
to give item 7, Final calculation was made of item e by procedure indicated and this figure was
used for the several computations in Table 6.

However, if citrate is destroyed on saponification, a marked error in the
amount of free stearyl aleohol caleulated will result. This would give a
figure somewhat too high for the digestibility of SC itself. Moreover, a
Turther assumption has been made that 1he citrate obtained after hydroly-
sis 1s ecombined with stearyl aleohol in the same proportions as it is in SC.
If it were exclusively cowbined as tristearyl eitrate, then the percentage

[8]
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C. E. CALBERT, S. M. GREENBERG, G. KRYDER, AND J. DEULL, JR.

of free stearyl aleohol caleulated.would be too high; if it were combined
largely as monostearyl citrate, then the reverse would be true. Such
variations would not change the corrections made for calculations of fat
digestibility. ¢
DISCUSSION
The experiments reported here with rats indicate that IC plus Vehicle

is completely digested when administered in amounts as high as 10% of

the total diet or 67% of the fat. There is no evidence that the inclusion
of such high proportions of this product in the food results in a lowering
of the coefficient of digestibility of the fat included in the diet. Thus, the
average figures for digestibility of the fat as a whole were 96.2 and 97.1
respectively for the margarine fat in rations eontaining 2.5 or 10% of
IC plus Vehicle. The values for the digestibility of margarine without 1C
plus Vehicle when fed at a 159 level were 97.09 (2 series of tests); when
fed at 22.5 or 25% of the diet, the average figures for digestibility were
96.3 and 95.29% respectively. The almost complete ‘digestibility of marga-
rine fat containing IC plus Vehicle is in line with the results of the tests
on the rate of absorption. No essential differences were found in this index,
irrespective of whether IC plus Vehicle was added to the diet or whether
margarine fat without additives was used.

The results on rats with IC plus Vebicle were likewise duplicated on
dogs. Thus, a mixture of margarine fat and cod-liver oil without or with
IC plus Vehicle gave the following coefficients of digestibility: No correc-
tion for metabolic fat, 95.3, 95.5; corrected for metabolic fat, 99.7, 99.7.

On the other hand, the addition of stearyl aleohol to the diet of rats
to the extent of 1.8% (7.8% on the fat) significantly lowered the digesti-
bility of margarine fat to 91.1%. When 7.5% of stearyl aleohol ‘was
included in the diet (43% on the fat), the coefficient of digestibility of
the fat was lowered to about 81, while that of stearyl aleohol itself was
only 55.

Our experiments indicate that SC is poorly absorbed by the rat. When
SC was added to the diets at levels of 2.5 or 10% (11 or 67% respectively
on the fat), the calculated digestibility of the ester was 5.7 and 19.3%
respectively. A concomitant reduction in the digestibility of margarine
fat from the usual high level of 96 to 97% to approximately 75 per cent
was noted. On the other hand, when SC was added to the diet in an
amount of 0.13% (0.5% on the fat), which is about 3 times the maximum

“amount required to protect the fat, there was no appreeciable lowering in
the coefficient of digestibility of the margarine fat included in the diet
(94.1).

The depression in absorption of margarine fat as the result of the
enormous amounts of stearvl aleohol or SC added to the fat is attributed
in part to the influence that these additives have on the melting point of
fat so supplemented. Thus, a mixture of 10 parts of SC and 15 parts of
margarine fat has a melting point of 123°1°, (Wiley) compared to 94°T.
for the margarine fat alone* It has been repeatedly demonstrated that
high-melting fats are poorly digested (1, 2). Of interest in this same con-

* Data supplied by ¥. II. Luckmann, The Best Foods, Ine.

[9]
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EFFECT OF ADDITIVES ON ABSORPTION OF MARGARINE FAT

nection is the fact that when SC was fed to rats at a lower level (5% of
the fat) but still very much in excess of that proposed for the use of the
esters in fats, no interference in the rate of absorption obtains.

When a comparatively high amount of SC was introduced into the diet
of the dog (3% of the diet or 15% on the fat), the digestibility of the fat
was 94.5% although the SC itself was digested only about 52%. The fact
that SC exhibits less inhibition on the digestibility of margarine fat in
the dog-than in the rat may be an example of species difference.

The data indicate that stearyl alcohol is largely absorbed in the rat
when present at 1.8% of the diet (coefficient of digestibility = 89). This
js in harmony with the results of Stetten and Schoenheimer (9), who
report a ready absorption of stearyl acetate when fed at a 1% level in
the diet of normal rats. However, stearyl alcohol is less completely utilized
when present in the diet at a 7.5% level (coefficient of digestibility = 55).

~ In view of the fact that stearyl aleohol is well absorbed at a 1.8% level,
while SC is largely unabsorbed when fed at an equivalent concentration
in the diet (2.5%), one is forced to postulate that the rat has a limited
ability to hydrolyze this ester. On the other hand, there would seem to be
ample evidence that the dog is able to split SC to a considerable extent.
This conclusion is based on the fact that definite amounts of free stearyl
aleohol have been demonstrated in the feces of the dog. Moreover, the
caleulated coefficients of digestibility of SC in the dog at a 3% level in
the. diet approximate 50, while in the rat the figure was 6 when the esters
were present to the extent of 2.5% of the diet.

SUMMARY AND CONCLUSIONS .

In an investigation of new additives for food usage, it is essential to

- supplement toxicological studies with biochemical investigations to deter-

mine the metabolic fate of the proposed food additives. This type of

experiment is useful in explaining toxicological manifestations, if such
should be noted. _

Experiments have been carried out to determine the digestibility of
stearyl aleohol, isopropyl citrates, and stearyl citrates, and the effeet of
these materials on the rate and degree of absorption of margarine fat.
The latter is a typical food in which the citrate esters might be included.
Incorporation of isopropyl citrate esters, predominantly the mono-isopropyl
citrate in its mono- and diglyceride vehicle (IC plus Vehicle) in amounts
as high as 10% of the diet results in a ptactically complete absorption of
the product without lowering the digestibility of the dietary fat. Stearyl
aleohol, included in this study for purposes of better interpretation of the
experimental findings, is absorbed to the extent of 89% when given at 2
level of 1.8% of the dict. Under these conditions, practically no adverse
effect on the digestibility of the fat given coneomifantly is noted. Ilow-
ever, when added to the dict to the extent of 75% (43% on the fat),
stearyl aleohcl is absorbed in the amount of 55% and the fat absorption
is decreased to 819%.

Gtearyl citrate esters, predominantly distearyl citrate (SC), are poorly
absorbed by the rat when fod at 2.5 or 10% of the ration (11 or 67%
respectively on the fat). The coefficient of digestibility of the fat fed with
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C. E. CALBERT, S. M. GREENBERG, G. KRYDER, AND J. DEUEL, JR.

8C is lowered from the usual 96 to 97% to 75%. Ilowever, when SC com-
prises 5% of the fat, no interference in rate and degree of fat absorption
occurs. It would appear that the incomplete digestion of SC by the rat
is due to the inefficient hydrolysis of these estérs in the gastrointestinal
tract.

The dog is able to digest SC more effectively than is the rat. Thus,
at a level of 3% in the ration (approximately 15% on the fat), fully 50%
is digested, and no significant interference with the absorption of marga-
rine fat occurs. )

It may be concluded that IC plus Vehicle fed at a level more than 2500
times that proposed for use under praetical conditions, or IC aloue in an
amount about 1000 times the maximal proposed level, will in no way inter-

fere with the digestibility of fat. In the cdse of SC, there is no significant
" interference in the absorption of fat when the SC is present in an amount
somewhat more than 25 times the maximal proposed concentration. The
interefrence in fat absorption at higher levels is attributed in part to the
inerease in melting point of the fat plus additive blend, an artificial situ-
ation created in an attempt to determine levels at which interference might
be noted.
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EFFECT OF ADDITIVES ON ADSORPTION OF MARGARINE FAT

APPENDIX

Methods bf Calculation of Digestibility in Tests with?Stearyl Alcohol (Stenol),
Groups 3 and 4, in Rats

A. Calculation of digestibility of total fat by usual methods (1).

B. Calculation of digestibility of fat alone.
a. Determination of total fat fed.
b. Total fat excreted (correeted) = Total fecal lipids —
[Metabolie fat® + N.S.F. (corrected)®].
a—Db

e. Digestibility of fat alone =

X 100.

C. Calculation of digestibility of stemol.
d. Determination of total stearyl alcohol fed.

e. Stearyl alcohol excreted = Total N.S.F. excreted — . k
Control N.S.F.° excreted. . -

d—e

f. Digestibility of stearyl alcohol == X 100,

Methods of Calculation of Digestibility in Tests With SC
(Groups 5, 6, and 7), in Rats

" D. Calculation of digestibility of total fat by usual methods (1).

E. Caleulation of digestibility of £at alone.
g. Detérmination of total fat fed.

h. Total fat excreted (corrceted) = Total feeal lipids — - :'
' N.S.F. ted)® b
Metabolie fat* 4 (corrected) 4

0.776°

e e perats g—h

i. Digestibility of fat alone = X 100,

F. Caleulation of digestibility of SC.
j. Determination of total SC fed.

Total N.S.F. excreted — Control N.S.F. excreted
k. SC excreted = .
0.7764
i—k

—— X 100.

1 Digestibility of 8C =

sMetabolic fat is determined by total lipid excretion (nontral fat plus soap) on fat-free diet.

bNon-saponifinble fraction (corrected) = Total fecal N.S.F. — N.S.F. of control groups receiving
15 or 22.5% of margarine fat alone (Groups 9 and 10).

¢N.S.F. of control gronps {(Groups 9 and 10),,
dPactor for conversion of stearyl alcohol to equivalent amount of SC.

(12]
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TOXICOLOGICAL STUDIES ON ISOPROPYL AND
STEARYL CITRATES®®
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axp II. RUSSELL FISHER

Department of Biochemistry and Nutrition, University
of Southern California, School of Mecdicine,
Los Angeles, California

(Manuseript reccived January 6, 1951)

In view of the inereased demand for margarine in recent years, a need
has developed for new sources of edible vegetable oils for hydrogenation.
Since the production of soybean oil has been markedly inereased in the
United States within the last decade, the margarine industry has naturally
turned to this oil to supplement the supply of other vegetable oils. Thus,
while 87 million pounds of soybean oil were used in 1941 for hydrogena-
tion, out of a total of 257 million pounds of all vegetable oils, the quantity
of this oil employed in a 12-month period, ending June 30, 1950, was
reported as 233 million pounds out of a total of 701 million pounds used
by the margarine mdush) In other branches of the edible fat industries,
there has also been an increased usage of soybean oil.

The chief difficulty in the use of soybean oil is its propertv of under-
going a so-called ‘“flavor reversion.”’ This change results in the develop-
ment of an nnpleasant taste. The reversion begins in both limpid and
hydrogenated oils ahmost immediately after deodorization. According to

Martin, Schepartz, and Daubert (.20), Schepartz and Daubert (30), and ;- i

Stapf and Daubert (32) this reaction is associated with the productlon of;
carbonyl compounds.

Citric acid is especially satisfactory as an anti-flavor-reversion agent.
Ilowever, neither citrie acid nor its salts dissolve in sufficient amounts in
0il to be used conveniently for this purpose.

Vahlteich, Gooding, and Neal in rotating authorship (8, 9, 10, 11, 22, 23,
24, 35, 36, 37, 38, 39) have recently reported the synthesis and effectiveness
of fat soluble esters of citric acid in inhibiting the flavor-reversion of
soybean oil, and in stabilizing the flavor of other fatty foods. The com-
pounds were mixed mono-, di-, and tri-esters of eitric acid, containing from
3 to 18 carbon atoms in the aleohol moiety. The mouno-esters were the cffec-
tive agents in stabilizing oil flavor while the di-esters, particularly the
higher homologues, exhibited in addition emulsifying properties.

Before the above-mentioned esters of eitrie acid can enjoy any wide-
spread application in foods, it is necessary to prove that they are not toxic.

Obviously, it is not possible to test in a thorough manuner all of the
esters of citrie acid mentioned in the patents cited. The lowest and highest
homologuies in the series were subjected to exhaustive toxicologieal and
metaholic studies. The lowest homologue selected was the mixture of

a Supported by a grant from The Test Foods, Tne. Some of these results were re-

ported at the joint meeting of the Northern and Ronthern Californin Scetions of the .

Institute of Food Teehnologists in February, T940,
b Contribution No. 275 of the Department of Bioehemistry and Nutrition.
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TOXICOLOGICAL STUDILS ON ISOPROPYL AND STEARYL CITRATES

isopropyl citrate .csters, predominantly the mono-ester, and the highest
homologue sclected was the mixture of stearyl citrate esters, predomi-
nuutl_y the di-ester, having a wmelting point of 57 to 53°C. By the above
it is not meant that the toxicity studies represent a blanket investigation
of all homologues between the isopropyl and stearyl citrate esters. The
basis of selection of the lowest homologue was because of its greatest effec-
tiveness per unit weight in stabilizing- the flavor of oils. The stearyl esters
were ehosen because these were far more readily soluble in oils than the
lower members of the series. Indeed this same reasoning constitutes the
bascs for seleeting these two types of esters in commereial applieation (23).

As far as the hydrolysis products of these selected esters of citrie acid
are concerned, there is no danger of toxicity, even for a consumption of
many times the levels required to preserve the oils. Both hydrolysis prod-
ucts of stearyl citrate ecsters are components of animal tissues, and are
produced by normal metabolic processes. Not only are citrates widely
distributed components of foods such as the citrus fruits and milk, but
they are also intermediary products of carbohydrate metabolism in the
so-called citrie acid eycle (14, 33). At the present time, the use of ‘‘citrie
acid and harmless citrates’’ is permitted in margarine without any speci-
fied limit, but only when used for the purpose of producing diacetyl (6).

Stearyl aleohol has been found by Schoenheimer and Iilgetag (31) to
oceur In the feces of dogs; cetyl alcohol, however, was found to be a normal
coustituent of the feces of dogs, cats, and men. In fact, Stetten and Schoen-
heimer (34) have demonstrated that an interconversion of stearyl alecohol.
and stearic acid is a usual metabolic proeess. Moreover, stearyl stearate
has been shown by 1lilditeh (12) to account for 2.5% of the total hp1d
in the head oil of the sperm whale.

Although isopropyl alecohol has tO‘(lCOlO"lcal properties at relatlvely
high levels, no effects of this compound have been demonstrated which
do not also result from the ingestion of ethyl aleohol (16). Isopropanol
has been shown to be approximately twice as toxic as is ethyl aleohol (18).
However, doses from 0.75 to 5.28 ml. of isopropanol per kg. body weight
per day have been administered to rats without the development of any
untoward symptoms. Administration of this alcohol over prolonged periods
failed to show evidence of any delayed toxic effects (16). It was likewise
found that no deleterious effects on growth, pregnancy, or lactation re-
sulted over several generations in rats given considerable quantities of
isopropanol daily (19).

The isopropyl citrates are dispersible in fat with some difficulty whereas
the stearyl citrates are readily soluble in fat. For this reason, the first
type of citric acid ester is introduced into an oil in a suitable vehicle.
For this purpose, a mixture of mono- and diglycerides (1:1) of a vege-
table oil is most desirable (39).

The mixture of mono- and diglycerides which is used in conjunction
with isopropyl citrate cannot be considered to be a substance possessing
toxicity. Mono- and diglycerides oceur physiologically in the digestion of
fats (7). Alpha-monopalmitin has been identified as a minor constituent
of adrenal lipids (29, 42), while Joues, Koch, Heath, and Munson (13)
have recently repoxtcd the isolation of this monoglyceride from normal

[2]
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DEUEL, JR., GREENBERG, CALBERT, BAKER, AND FISITER

hog panercas. The satisfactory utilization of monoglyeerides in feeding
experiments has been reported by several workers. Ames, O’Grady, Em-
bree, and Harris (1) have rccoreled that the growth and reproduction in
rats fed diets eontaining 15 or 25% of monoglyeerides, over 3 gencrations,
were just as satisfaetory as was the case when the corresponding amounts
of cottonsced oil were employed. Mattson and Beck (21) also obtained as
good growth in rats when mono- and diglycerides were ineorporated in
the dict as when corresponding amounts of neutral fats were used. These
results are in line with unpublished residts obtained in our laboratory.
They also confirm the earlier experiments of Braun and Shrewsbury (2},
who studied the nutrvitional value of monostearin. At the present time
mono- and/or diglycerides of fat-forming fatty acids are permitted in
margarine (6). .

Although the experimental data cited above indicate that the hydroly-
sis produets of isopropyl citrate and stearyl citrate esters, as well as mono-
and diglycerides, are in most cases natural products and are non-toxic at
relatively high doses, it is still necessary to prove that the unhydrolyzed
compounds do not possess specific toxicities not revealed in studies of the
individual components. For this reason, the experiments reported here
on rats, rabbits, and dogs were carried out. No previous toxicological
investigations have been reported on isopropyl or stearyl citrate esters.

The test compounds used are mixtures of mono-, di-, and tri-alkyl esters
of citric acid. In Table 1 are listed the typical compositions of the com-
pounds investigated. From the acid value and saponification value, it is
possible to estimate the ratio of mono- to di- to tri-ester for each of the .
types under Study. It will be noted that, in the case of isopropyl citrates, ¢
the mixture is predominantly mono-isopropyl citrate and that in the case i
of the stearyl citrates the mixture is predominantly distearyl citrate. 4.;"

In the preparation furnishing the isopropyl citrate esters, there is
about 62% of the mixture of mono- and diglycerides. Analyses conducted
in our laboratory for the alcohol moieties in the isopropyl and stearyl
citrate esters checked very closely with the calculated values confirming
the composition of the esters as given in Table 1. Analyses for citric aecid
gave values somewhat below the calculated values.

It will be noted in the footnotes to Table 1 that there are some vari-
ations in the ratio of mono- to di- to tri-ester in each category. It is
pertinent to point out that in the present toxicological studies and in the
metabolic studies reported elsewhere (3) many different batches of the
mixed esters were employed (12 different batches in the case of the iso-
propyl citrate preparation and 11 in the ease of the stearyl citrates). An-
alysis of the individual batches indicated that all samples fell in the range
of composition indicated in the footnotes to Table 1. _

For the purpose of convenience in referring hereinafter to the test
materials employed in this study, the isopropyl citrate esters, predomi-
nantly mono-isopropyl citrate will be referred to as 1C. Similarly, the
stearyl citrate esters, predominantly distearyl citrate, will be referred to .
as SC. When the isopropyl citrate ester, predominantly mono-isopropyl

. eitrate, is fed in the mono- and diglyeeride vehicle, it will be referred to
as IC plus Vehicle.

[3]
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TABLE 1
Typical (’umpnsi(img.é of Compounds Investigated

i B Typival analyses®
Melting . Saponi- . ¢
Substance paint, Acid ficution Composition Iso- -
°Q. value value propyl Citric | Stearyl
alcohol® | acide | atcoholf
Go Yo %
Isopropy! citrates | Liquid | 160 370 [27% mono- 10.9 266 | ...
in a vehicle con- isopropyl citrate®
sisting of mono- . 9% di-isopropyl (11.0) | (30.0) | ...
and diglycerides citrate
(1:1) of vege- 2% tri-isopropyl
table oil. : ‘ citrate
: §2% mono-
and diglycerides
Stearyl citrates 57.8 88.6 | 248.1 |12.5% wmono- e | 235 | 779
stearyl citrate® n
75% distearyl e | (283) | (76.8)
citrate
12.5% tristearyl
citrate

e ['jgures in parenthesss are calculated values,

d Isopropyl alcohol was determined after oxidation to acetone by refluxing with aqueous potas-
sium dichromate and by precipitation with Deniges reagent (40). .

e Citric acid was determined on the aqueous extract after saponification by the method of
Pucher, Wakeman, and Vickery (28) as modified by Perlman, Lardy, and Johnson (27).

¢ Stearyl alcohol was determined as NSF by purification of the residue after saponification by
filtration, drying, re-solution, and removal of the solvent.

£ The 38% of ison n vl citrates is composed of nbout 65-809% mono-isopropyl citrates, 15-30%
of di-isopropyl citrates and 5-106p tri-isopropyl citrate. Typical acid and saponification values are
410 and 690 regpectiv y. .

B The stearyl citrates are composed of about 10-15% monostearyl citrate, 70-80% distearyl
citrates, and 10-159% tristearyl citrates. ’ ’-

The most important factors which determine the behavior of a sub:'

- stance in the body are its digestibility and absorption. If a substance is

non-absorbable and at the same time non-irritating to the gastrointestinal
tract, there is little possibility that it will exhibit any toxie effects. Data
on the absorption and digestibility of isopropyl citrates, stearyl alcohol,
and stearyl citrates have been presented in another eommunieation (3).°
It was found that IC plus Vehicle in large amounts did not lower the
high digestibility of margarine fat when fed to the rat or dog. On the
other hand, when SC was fed at very high levels to the rat, the digestibility
of the margarine fat was somewhat depressed. However, when the SC was
given at a level of 3 times the maximal proposed level (25), assuming that
all the fat in the dict was so treated, the digestibility of the margarine fat
was not appreciably altered (3). In the case of the dog, no significant
depression in digestibility of the margavine fat oecurred when the level

“of SC in the fat was fully 80 times the maximal proposed level.

EXPERIMENTAL

Tn order to cheek for nny possible toxicological effects of isopropyl citrate esters, .

predominantly mone-isopropyl eitrate (1C), the same plus the mone- and diglyceride
~ehiele (TC plus Vehiele), and of stearyl eitrate esters, predominantly distearyl citrate,
(S, tests have heen earried out on rats, rabbits, and dogs. The use of the scveral
specics in sueh studies is in Jine with the supggestions of Dehman, Lang, Weoadard,
Deaize, Fitzhugh, and Nelson (77) that at Teast 2 speeies (ineluding one whicl is a
non-rodent) be cmployed.

{41 .
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All the rats used in the several types of experiments were from our stock colony.
LDse studies were conducted on IC, IC plus Vehicle, and on SC.

Acute tests were made on male and female rats at 3 levels for each test substance
for a 6-week period. Control experiments in which no test substance was included in
the diets were earried out in cach scries. In most cases, 10 rats of cach sex were used
per grouj.

The third type of test (ehronie) omplmcd with the rats wns cssentially a Jongevity
experiment esaried out over a period of 2 years with the same distribution in groups
as in the acute tests. In Dboth the acute and the chronic tests, the animals were saeri-
ficed at the end of the experiment, aml tissues were obtanined for histopathological
examination.

Another procedure used liere for the dectection of any possible ehronic or cumulative
toxicity includes multigeneration studies. These involved raising the first generation of
" rats from weaning on the several test dicts, and on a control diet, and. continning them
on these regimens during the breeding and the lactation perieds. When the young were
weaned, the parents were disearded and the second generation was continued on the
same diets which the parents had received. A similar routine was employed for sue-
ceeding gencrations through the weaning of the sixth gencration, in the IC plus Vehicle
tests, and of the fifth generation in the tests with SC.

In still another approach, additional groups of rats were used to ascertain whether
these estors of citrie acid in oils develop a toxieity when heated at 205°C. (a tempera-
ture used in decp frying) over a prolonged period (8 hrs.). The oils previously heated
with or without the eitric acid ester, as well as potato chips prepared by frying in such
oils, were incorporated in dicts which were then tested by growth studies on weanling
rats over 11l-week periods.

In the complete serics of tests reported here (not mcludmg the absorptxon and
digestibility studies), a total of 2308 rats was used.

Rabbits and dogs were employed for acute toxicity studies on the citric acid esters.
- The rabbit tests were continued for ¢ weeks, while the experiments on dogs lasted for
a 12-weck period.* A histopatholdgical examination was made of the tissues of all of
the test animals at the conclusion of the experimental period. In addition, massive
single doses of IC plus Vehicle or of SC were administered to dogs. A total of 57 rab-
bits and 24 dogs was used in the toxicity tests.

The LD tosts were carried out by the administration of the test substance by
stomach tube to the fasted animals. In the rat tests, studies were made on IC, an
equivalent isopropanol-citric acid mixture as control, IC plus Vehicle alone and in
cottonsced oil, cottonseed oil alone as a control, and SC in cottonsced oil. The tests
were considered positive if the animals died within periods of 4 to 6 days; this interval
was chosen sinee, at that time, practieally all the animals remaining alive were again
gaining weight and in good nutritional condition. The dog experiments were earried
out in essentially the samme manner but because of necessity the number of test’ animals
was restricted.

The dicts used in the rat and dog experiments were made up of purified foodstuffs.
The compositions of the various diets used are listed in Tables 2 and 3.

The rats used on the YD tests had been maintained on our usual stock diet. They
were fasted for 18 hours prior to the administration of the test substance by stomaech
tube.

Rabbits were fed throughout the tests on commercial rabbit pcllots IC plus Ve-
hicle was mixed with the rabbit pellets in amounts of 0, 1.8, 3.8, 7.5, or 15.0% (0.0,
0.72, 1.4, 2.8, or 5.7% IC, respeetively). In the tests with 8¢, the pollots were mixed

with 2 or with 11% of the melted substance. The diets fed the dogs in the 3-month '

acute tests are patterned after thosc described by Cowgill (4). Tahle 3 gives the
composition of these diets.

The IC, 1C phus Vehiele, and SC employed in the tests reported here were conumercial
products supplicd by The Best [oods, Tne. The jdentity of the produets was confirmed
by our analysis. Ifemoglobin determinations were made on the dogs by tlie acid hematin
method,

sAlhess Nabbit Fanily Xatiow,
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TABLE 2
R The Composition of Diets Used in the Rat Tests .
Acute tests Chronic tests Multigeneration tests Heated oil teats
Dictary component 70 | 0 [ st ] s | es si | 85 | 86 | 71| 72| a7 | ss 73 | 89 | 74 | 90
Isopropy! citrate esters, predominantly mone-isopropyt plus mono- and diglyceride vehicle (IC plus Vehicle)
Do % % % Yo % % | % % % % % % % Yo %
Casein.... 20.0 | 20.0 { 20.0 | 20.0 | 20.0 | 20.0 | 20.0 20,0 | 20.0 | 20.0 | 20.0°§ 20.0 | 20.0 | 20.0 20.0 | 20.0
Suerose 55.5 | 54.9 | 54.3 | 53.0 | 505 | 35.5 ] 555 33.5 | 505} 5385 5051535 5353 555 440 | 440
Whole margarine!, .| 12.50] 11,421 10.34| 8.00] 3.30| 12.27) 11.94 9.70| 12.5 | 12.5 9.7 1 9.7
Margarine fat..ienencncnsninn e e | wense eee | 1137 11440 . "
Fat-soluble vitamin i
MIXEUe .o errsecrengererens w 1.0 1.0 10 1.0
Yeasth e 8.0 8.0 8.0 | 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 | 8.0 8.0 8.0 8.0 8.0
Ralt mixture™ 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 | 4.0 4.0 4.0 4.0 4.0
Liver powder™.....ccoveeevenrne e | - 5.0°1 2.0°] 5.0°[ 2.0° .
Potato chips: 1 :
Fried in margarine fat.......... - - - 23.0
Fried in margarine fat .
containing IC plus .
Vehiele (0.590) ccmonmmsaeren “ 23.0
IC plus Vehicle... 1.68 | 3.36| 7.00}14.00f 0.28f{ 0.58 2.80 28 1.28 . 1 0.06
IC content.....ccenieeecrveesnsnceecaenn 0641 1.3 2.7 5.3 011} 0.21 1.1 1.1 11 0.02 | | ae .
" Stearyl citrate, predominantly disteary! citrate (SC)
Dietary component 170 180 181 182 183 184 185 186 171 187 }.188 73 189 74 190
‘% % Go % % | % % % % % % % % % P
CUSCIN .. covveerervareescsncesarssanensannerns 20.0 {20.0 20,0 1200 }20.0 | 200 | 20.0 20.0 | 19.0 19.0 {19.0 | 20.0 | 20.0 20.0.] 20.0
Sucrose..... 53.5 | 54.2 §53.0 {505 {455 {55.0 | 535 43.5 | 51.8 51.0 143.3 | 55.5 | 55.5 44.07] 44.0
Margarine fat...ceeenrersneereenes 115 [ 11,5 (115 (115 (115 | 115 | 115 11.5 |11.0 9.9 {100 | 11.5! | 10.64 "
Fat-soluble vitamin
MIXEUTE® Loovevirireecrnsesrsnsnsnseens 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 { 1.0 1.0 1.0 1.0 1.0
Yeast'.vovivnnns 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 7.6 ~1 761 76 8.0 8.0 8.0 8.0
Salt mixture™., .| 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.8 -48 | 48 4.0 4.0 4.0 4.0
Liver powder™ .. ccneccnnnennenne N 4.8 48 | 4.8 o .
Potato chips: :
Fried in margarine fat.......... . - o vove . e 23.0 re
Fried in margarine fat
containing SC(7.5%) ... oo | e S we | 230
SBCrrirrrersrreresssinarressaesnnne 1.3 2.0 5.0 110,00 0.3 2.0 10.0 19 | 9.5 v | 0.86

181 U of vitamin D (as viosterol) added per g. food, I Heated for 8 hours at 205°C. ¥ Composition was as follows: a-tocopherol, 0.5 g.;
eral Biochemicals, Inc.), 20 mg.; vitamin D. (erystalline Winthrop), 0.5 mg.; cottonseed oil to make n total weight of 100 g, ﬁ
m Osborne-Mendel salt mixture (26).

» Wilson Laboratories,

8 mAr by Y S R B A gt = A

°1:20° concentrate.

P 1:50 concentrate,

! Anheuser-

carotens (Gen.
usch, Strain G.
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TABLE 3
Composition of the Dicts Used tn the Erxperiments on Dogs

Composition of diet
Food component ——

D v D2 D-3

Go Y Go
Commereinl casein........ 20.0 20.0 20.0
SUCTOSC.vrneernanes 35.0 35.0 35.0
Dexbrin. . eneseenirinenns 12.2 122 12.2
Margarine 0il e 18.3 1R.24 - 15.3
Salt mixture (Reference 41) 2.0 2.0 2.0
Celiu flour e 2.5 2.5 3.5
Cod-liver oil (U.S. P v 5.0 5.0 5.0
Dricd brewers’ yeast'.. . 5.0 5.0 5.0
IC plus Velnclc ............................................ 0.06
SCiverereaninrerreerraessieasas — 3.0

t Without additives. ® Ohicugo Dictetics Supply House. tAnheuser-Busch (Strain G).

RESULTS AND DISCUSSION
LD Studies

The acute toxicity, as revealed by the determination of the LD, levels,
has been ascertained for rats, and checked with dogs. The results of the
tests on rats are summarized in Table 4.

The LD,, values of the several test materials as deteumned on rats are
all quite high. The LD,, value with male rats for IC plus Vehicle, when
given alone, exceeded 20.7 g./kg., while when it was administered in a ratio
of one part of cottonseed oil to 2 parts of IC plus Vehicle, the value was
greater than 17.2 g./kg. The corresponding figures for the female rats
were 18.8 and 19.2 g./kg. This would indicate that supplementation of
IC plus Vehicle with fat does not accentuate the LD,, figure.

When IC was administered in aleohol solution or in water, the toxicity
was 2.8 to 3.7 g./kg. The slightly lower LD, value for the females receiv-
ing IC in ethanol may be the reflection of the higher alecohol dose which
was administered. In the tests with females where an agueous solution was
employed, the fizure for LD, approximated the value obtained for the
males. The quantity of IC required to produce 50% mortality approxi-
mated that for its hydrolysis products. Ilowever, when IC is administered
in a fat vehicle, more thau double the amount of IC is required to produce
a 509 mortality. '

The LD,, level for SC exceeds 5.4 g./kg. in the case of both male and
female rats. Since it was impossible to prepare a solution of SC, liquid at
body temperature, in a higher concentration than 20%, the maximum dose
(30 ml./kg.) which could be introduced into the stomachs of rats contained
only 5.4 g./ke.

Twelve dogs were used to cheek the LD, values obtained with rats.
Massive single doses, viz, 12 g./kg. of 10 plus Vebiele, 2,26 ¢ /kg. of 1C,
and 5 g./kg. of S, were not fatal to the doz. After a 1\01‘10d of 2 d.ly..,
the dogs were eating normally and showed no obvious ill effects from the

* dosage.

[ 7]
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TOXICOLOGICAL STUDIES ON ISOPROPYL AND STEARYL CITRATES

TABLE a
LDs Tests on Rats

Substance tested S:-:tgi Data on different levels of tests Es_[?]'_;';-?d
IC plus Vehicele g./kg.
Dosage (g./Kg.) reennd M 21207 ceveee Lot | oeeee e ] e >20.7
Number of rats......... [ IO (OUUYN ARPUUR Y O R (>7.9)
Mortality (50)..cconenes [ S OOV [UOUUU EUUUUSVRR [UOUUUR SO
Dosage (g./kg.) e F |2.7-15.5] 17.7 210 | 23.6 |27.0 18.8
Number of rats.......... 4° 10 10 11 10 ... (7.2)
Mortality (76)..coneed 0 30 90 89 100 | .eee. | e
IC plus Vehicle in cot-
tonseed oil (2:1) : .
Dosage {(g./kg.) eeued M 0 11.1 14.1 | 161 |17.2 | ... >17.2
Number of rats.......... 10 9 10 9 9 1 e (>6.5)
Mortality (%) 0 11 20 22 33 JUORR
Dosage {g./kg.).ceceer) ¥ ] 12.0-13.4/ 158 | 17.9 | 192 | 229 10.2
Number of rats.......... 10 20 10 10 10 10 (7.3)
Mortality (70)..cccuu.. 0 0 20 10 50 50 1 ...
Ic
75% in 10% ethanol
Dosage (g./kg.) eeeeens M 21 2.7 3.3 39 e | e 3.7
Number of rats.......... 10 10 10 10 0 | e e ] e
Mortality (90)...ccccn.- 0 20 10 70 JUVUR USRIV B
15% in 10% ethanol
Dosage (g./kg.)........] F 2.1 2.7 3.3 % J R S 2.8
Number of rats.......... 10 10 10 10 | vvee { e | eeeees
"Mortality (70) ..c.eveeed 10 40 90 100 | e s | e
75% in water
Dosage (g./kg.)weerees F 2.25 3.0 3.75| 45 525 5.25" 3.6
Number of rats... 10 10 10 10 10 10 | ...
Mortality (72).ccensd 0 10 60 70 100 90 -
Isopropyl aleohol plus
citric-acid in ethanol
Dosage (g./kg.) F 3.9¥ 3.9 65.25%1 525" e | e 4.5
Number of rats.......... . 10 9 10 10 | e e e
Mortality (%) 0 22 90 100 | eer feeee e
SC (20% in cottonseed
oil)
Dosage (g./kg.}eecueeen M 0 0.9-1.8 | 2.7 3.6 45 | 5.4 >5.4
Sol. vol. (mL./kg.)..... 30 5-10 |15 20 25 30 | .
Number of rats.......... 10 4 2 12 13 ) S
Mortality (90)..c.eu.... 0 0 0, 8 15 10 —
Number of rats.......... F 10 4 2 12 13 10 >5.4
Mortality (70).......... 0 0 0 0 0 ([ -

u Figures in parentheses represent IC content ‘of mixtures. ¥ Male rats. ¥ In water.

Short-Term (Acute) Tests

Experiments on Rats. Tests were mile on 1C plus Vehicle or SC when

incorporated in the commercial margarine fat. Table

~

5 summarizes these

data. No animals maintained on any of the diets died during the course of

- the tests.
There is no evidenee, on the basis of the acule tests on adult rats, that
cither 1C plus Vehicle or SC possesses any degree of {oxicity. Thus, adult

[ 8]
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TABLE 3

The Change in the Weight of Adult Rats Receiving Control Diets Alore or Similar Diets to
' Which Several Levels of IC plus Vekicle or SC Were Added

- Experiments on male rats Experiments on female rats
. t
Diet mm:iial Body weight Increase Total | Total test Body weight Increase Total Total teat
no. in diet Number in food | substance |Number in food substance
Start End weight eaten, eaten Start End weight eaten eaten
Isopropyl citrate esters, predominantly ‘mono-isopropy! citrate, plus mono- and diglyceride vehicle (IC plus Vehicle)
% g. g. g. g. g. g. g. g.° g. g.
70 0.0 10 336 38 50.2+2.7 620 0 10 22 24 26.5+3.5 496 0.
80 1.68(0.64)" 10 326 364 38.3+5.3 568 9.54 10 208 230 21.8+4.6 447 7.51
81 3.36(1.8) - 10 324 368 44.8:4.9 588 19.8 9 214 231 17.3+5.1 450 15.1
§2 7.00(2.7) 9 331 373 42.0:26.7 597 41.8 10 210 226 15.5%3.5 437 30.6

83 14.00(5.3) 10 329 372 42.6+4.1 615 86.1 10 208 223 15.0&7.8' © 432 60.5
Stearyl citrato esters, predominantly distearyl citrate (SC) *

170 0 10 203 271 67.9%5.9 442 0 10 202 230 27.6+3.4 390 0
180 1.3 10 206 302 96.0%=7.9 514 6.68 10 202 230 28.4+3.6 | 422 | .. 5.48
181 2.5 10 209 293 82.7+75 494 12.3 10 206 235 29.2:4+3.8 406 10.1
182 5.0 10 205 206 90.8+7.8 542 27.1 10 196 220 25.0+5.5 447 22.3

183 10.0 10 208 304 95.44-6.9 555 55.9 10 193 220 27.2x5.2 445 44.5

x IC content of I1C plus Vehicle in parentheses.
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male rats receiving IC plus V
this ester over a 6-week period
female rats ingested an average of 60 g.
without any dewmonstra

per rat per day)

respond to a daily intake of 0.78 g.

TOXICOLOGICAL STUDIES ON ISO

and 0.

PROPYL AND STEARYL CITRATES

ehicle at the highest level ingrsted €6 g. of
(more than 2 g. per rat per day), and
over the same period {142 g.
ble harmful effects. ‘I'bese cor-

54 g. respectively of IC per

rat per day in the 2 sexes.

The results of the acute tests on SC are quite similar {o those on 1C
plus Vehicle. The average level of SC taken in by the male rats receiving
the highest dosage was 55.5 g. (1.32 g. per rat per day) and that ingested
by the females was 445 g. (1.06 g. per rat per day). :

The slight average differences noted in the increases in hody weirht
between the control animals and those receiving progressively inereasing
doses of IC plus Vehicle are not significant. These tests were eondieted

- on adult rats of about 6 months of age and the growth responses show no

parallelism with dosage. Likewise, no significance is attached to ihe appar-
ently better growth responses of the adult animals receiving SC when
compared to the yesponses of the control rats. :

Experiments on Rabbits. Two types of experiments were carried out
on rabbits receiving the IC plus Vehicle. Tn the first series of tests, L=
enimals were fed on the basal diet (rabbit peliets) and the test substance
was administered daily to the animals by stomach-tube over the 6-week

_period. In the second and third series of experiments with IC plus Vehicle,

and in all the tests with SC, the substances under examination were mixed
with the erushed rabbit pellets before this material was fed to the rablas.
Table 6 shows the average results of these tests.

TABLE 6

The Change in Weight of Rabbils Receiving Conirol Diets or Those Containing Several
Levels of IC plus Vehicle by Stomach Tube (Series 1), or IC plus Fehicle g
or SC Mized with Diet (Scries 11 and II1I) )

<ty e

Test Body weight Avcmgo_‘ Average ;\ven:;

Group | Series material] Number gain in total food test mntor

No. in diet Start l 3 weeks i 6 weeks | weight eaten rinl given

IC plus Vehicle by stomach tube
% g g g. 9. g- g.
1 I 0 2 2010 2204 2770 760 Ad libitum 0
2 1 2.2 3 2098 2407 2899 801 food intake 120
3 1 4.4 2 2300 2598 2885 h85 not record- 240
4 1 . 9.2 1 2104 2380 2780 676 ed. 500
IC plus Vehicle incarporat'ed in digt
5 11 0 - 8 2503 2821 3263 760 5413 0
6 II 1.9 1 2092 2402 2735 641 5411 113
7 11 3.8 2 2026 2456 2985 9539 53949 205
8 1X 7.5 2 2550 2632 2002 352 5010 376
9 1I 15.0 D 2166 2556 2027 761 5366 805
10 11 11.3 8 2427 2952 3276 849 n17h 585
1 111 225 8 2442 2702 3039 597 3803 856
SC incorporated in diet
12 1L 2 8 2532 2729 3171 G40 4763 95.3
13 111 10 8 2516 2599 2050 434 4428 L__442.8
¥ One rabbit died during course of text.
f1o]
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Only 2 deaths oceurred among the 57 rabbits during the course of the
test. One of these was in Group 5 (control) and the second was in Group
10 (receiving 11.3% of the composite, 1C plus Vehicle). The average
intake of IC plus Vehicle of 4 groups of rabbits (22 animals) excceded
500 g. during the 6-weck period. The maximum consumption for the
period was by one rabbit in Group 11. The total amounted to 1045 g.,
or 24.9 g. daily; this approximates a daily intake of IC plus Vehicle of
1% of the body weight. .

The intake of the SC was somewhat lower, averaging 43 g. for the
group on the higher dosage. The highest eonsumption in this group was
513 . of the test substance for the period, or 12.2 g. per rabbit per day.

The average gain in weight for the control ‘rabbits was 760 g. for the
6-week period. Several groups receiving IC plus Vehicle (Groups 2, 7, 9,
10) equalled or exceeded this figure. In both groups receiving SC, the
average gain in weight was somewhat less. . All rabbits receiving SC showed
excellent increase in weight, except one animal which lost weight during
the early part of the test when it failed to eat; this rabbit began to regain
its weight during the last week of the test. It had returned to approxi-
mately its starting weight at the termination of the experiment.

A histopathological examination was made on 311 sections of 284 organs
from 24 rabbits by one of us (II.R.F.). These included sections of the liver,
kidney, heart, brain, lung. spleen, stomach, small intestine, large intestiue,
pancreas, adrenal, and testicle of the 8 rabbits recciving the highest dose of
1C plus Vehicle {22.5%), of the 8 animals given higher dose of SC (10%),
and of the 8 controls (Group 5) in Series ITI. These were all males. There
was no obvious morphological evidenee of disease in the tissues of any
group given diets in the categories listed.

Experiments on Dogs. Acute tests were made on 12 dogs over 11 to
12-week periods. Three groups of 4 each were used. The dietary regimens
included a basal diet (control group), a similar diet including 0.06% IC
plus Vehicle, and a third to which 3.0% of SC was added. The dogs used
consisted of a litter of 6 cocker puppies, which were distributed equally
between the groups, and 6 adult mongrels of unknown nutritional history.
The adults were devocalized and dewormed before the test was started,
while the puppies werce devocalized during the second week of the tests.
Because of the uniformity in origin and dietary background of the puppies,
greater significance should be attached to weight changes of these animals.

All dogs received measured amounts of food once daily. In the case
of the adult dogs, the amounts were first based on the gnantities necessary
to establish an optimum body weight, as. calenlated from Cowgill’s formula
(5). When this weight was attained, they were placed on a maintenance
diet. In the case of the puppies, the diet was adjusted to give a steady
rate of growth. Water was given ad libitum throwghout. The data on these
tests ave ineluded in Table 7. '

here is no evidence of toxicity of 1¢! plus Vehicle or SC when fed to
dogs over a 12-week period. 1C plus Vehicle was fed at a level of 0.25%
of the fat, which is 10 iimes the level proposed for its use in margavine

v (0.029. of the whole marzarine or 0.023% of the margavine fat). SC was

fod at a lovel of 14.86 of the fat, which is 80 times the waximum level to
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TABLE 7
The Change in Weight of Dogs Receiving a Control Diet or Dicts Containing IC plus Vehicle or SC
Doz Body weight Gain Total Total test Hemoglo-
No. Type of dog Sex After After After in food substance bin at end
- Start 4 weeks 3 weeks 12 weeks weight eaten eaten of test
Control gwup. (Diet D-1) -
kg. kg. kg. kg. kg. g. 2. %

1 Coecker pup M 2.3 3.2 T 3. 3.6 1.3 7990 | e 12.9

2 Cocker pup F 2.0 2.8 3.2 3.2 1.2 7927 .| e 14.2

3 Mongrel adult M 15.9 18.2 18.5 18.8* 2.9 27230 o eeeeneee 15.9

4 Mongrel adult M 13.5 15.4 ~15.9 16.3 2.8 16870 | eveeeee 17.6

Avernge™ 2,15 3.00 3.35 3.40 1.25 7938 | we ] e
Group receiving IC plus Yehicle (Diet D-2)

3 Cocker pup F 2.3 3.3 3.7 3.8 1.5 7918 4.75 12,6

6 Cocker pup F 25 3.1 3.6 3.8 1.3 7663 4.60 14.0

7 Mongrel adult M 10.9 12.8 148 15.0° 41 23330 13.98 14.3

8 Mongrel adult F 3.0 6.4 6.8 7.4 2.4 17290 10.37 -18.6

Average™ 240 3.20 3.65 3.80 1.40 7790 4.68
" Group receiving SC (Diet" D-3)

Y Cocker pup F 2.1 - 3.2 3.7 3.8 1.7 7683 230.3 12.9
10 © Cocker pup ¥ 18 2.6 3.2 3.3 1.5 7887 236.6 12.8
11 Cocker adult M 12.7 15.9 17.1 17.3* 4.6 19320 579.6 13.6
12 Mongrel adult M 3.2 1.8 3.0 3.7 0.5 7990 239.7 14.0

Average™ 193 2,90 3.45 3.3 1.60 7785 233.6 ey

3 Weight at 11 weeks, an Ayerage of litter mate cocker

puppies only,

ke
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be used in margavine (0.15% of the whole margarine or 0.19% of marga-
rine fat). :

The amount of food consumed in the 3 groups was comparable, Actu-
ally, in the case of the puppies, the gain in weight of the experimental
groups somewhat exceeded that of the control group, although the former
animals consumed somewhat less food. The same pattern was followed by
the adult dogs. Ilemoglobin levels determined before the dogs were saeri-
ficed were practically identical for the several groups. A histopathological
examination of the livers and kidneys of the dogs failed to reveal auny
evidence of pathological manifestations attributable to the test substance.
Whatever divergenecies from normal occurred were distributed equally
among the several groups.

Long-Term (Chronic) Tests on Rats

Longevity Tests. In order to determine whether the materials tested
may exhibit a toxicological action when their administration is eontinued
over a prolonged period, chronic tests were carried out on rats for 2 years.
The tests were disecontinued at the end of this interval, so that the tissues
could be obtained for pathological examination from animals which had
remained alive until the termination of the experiment. Data on the body
weights of the rats in the various series of tests at representative periods
during the experiment, as well as on their survival, are included in Table 8.

With the exception of the control group in the distearyl citrate tests,
559% or more of the rats were still alive after receiving the various diets
for a period of 2 years. When allowances are made for accidental deaths,
the percentage survival in tlie tests with IC plus Vehicle were 59, 82, and
589% for the groups receiving the low, intermediate, or high level of test
substance, with the value of 63% for the control group. In the experiments
in which SC was added to the diets, the survivals amounted to 66, 65, and
55% for the groups veceiving the progressively inereasing proportions of
the test compound, with an average of 44% for the corresponding control
group.

No marked variations in weight between the experimental and the
control groups were noted during the 2-year period. However, after 104
weeks, the average of the means of the weights of males and females
still surviving in the IC plus Vehiele tests were as follows: Diet 70 (con-
trol), 414 g.; Diet 84 (0.28%), 400 g.; Diet 85 (0.56%), 425 g.; and
Dict 86 (2.8%), 404 g. Tn the tests with SC, the corresponding average
weights were: Diet 170 (control), 380 g.; Diet 184 (0.5%), 486 g.; Diet
185 (2.0%), 413 g.; and Diet 186 (10%), 388 ¢. .

Histopathological sections of liver, kidney, heart, brain, lung, spleen,
stomach, small intestine, large intestine, pancreas, adrenal, and testicle or
ovary were exasunca. in the case of the rats receiving IC plus Vehicle
at a 2.87% level, it is reported as follows: ‘Tt is my opinion that no specific
pathological lesions developed which could be attributed to the preduet
T, An examination of the same tissues of a series of rats which had
~ "™ Report of Professor Hrnest M, Uall, DBepartment of Pathology, Sehaol of Meldicine,
hiversity of Southern Catifornia.

[13]
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TABLE 8
The Body Weights and Survivals of Rats Receiving Control Diets or Diets Containing
Several Levels of IC plus Vehicle or 8C
) 1C plus Vehicle tests | SC tests
Category ’ Diet - Diet Diet Diet Diet Diet Diet Dict
N 70 84 85 . 86 170 184 185 186
Test substance in diet, L7/ T reenrreesenersntes 0 0.28 0.56 2.80 1] 0.5 2.0 10.0
1C econtent..... reveerpssoresanes 0 0.11 0.21 1.06
Male rats -
Number in group...... . . R 10 10 10 .10 10 ’ 9 10 10
Body weight:
SHATE, Zorveesreressossossssssamensesmsassaseasussstssrasssessses: 35 36 36 36 33 33 * 34 32
After 32 weeks, Zuevienserensesnsses rreneenesenens 339 362 346 324 301 361 233 328 .
After 64 weeks, g..- 421 471 452 419 423 . 475 423 423
After 96 weeks, g 488 1] 507 467 471 597 488 474
After 104 weeks, ... 520 495 543 4061 454 610 524 482
Rats alive at end 7 5 b 4 3 4 .. 6 5
Female rats . . )
NUMDET T EEOUD censrerireeecsssrmrssnenssnsesisssinissaress 10 10 10 10 10 10 10 10
Body weight: .
SEATL, Zeeeeererseonessoresnises eiveenasssiorsenens 40 38 -39 39 30 32 32 ~ 3¢
After 32 weeks, g. 228 230 216 229 220 R 208 27
ALter 64 WEEKS, . cerrrerressnrmmrracsaessinrssasssniness 287 - 268 - 263 255 267 282 272 a59
After 96 weeks, Z.ceenenenin . ; 308 296 316 328 . 207 359 ! 204 309
After 104 weeks, . e .. 309 304 307 348 345 363 302 304
Rats alive at endo.eee vvereseasessensasearesasasssRsrtash 5 5 0 7 5 8 7 ]
Survival of all rats
Uneorreeted, To.mins eeessesassanssrerasonsrsanes GO 50 . 70 55 40 G0 63 53
Corrected for those killed accidentally, 7o... ! 63 59 82 58 14 66 : 65 53
e
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received distearvl eitrate at a 10% level for 2 years was made by one of
us (JILLR.JF). Althongh most of the rats exhibited some discased tissues
characteristic of old age, no speeific changes traccable to the diet could
be noted. DMetastatic calcification and tumor formation were noted in
certain tissues examined ; however, they are not counsidered to have special
significance, inasmueh as they were noted in the tissues of both test and
control rats.

Multigeneration Tests. The most scusitive method for the detcetion of
dictary deficieneies ov toxicity involves subjecting several geuerations of
the animals to the test diets. All the factors of stress are brought to bear
on the animal in such tests, namely growth, pregnaney, and lactation.
Diets which ave entirely satisfactory for maintenance, ov even for growth,
over a single generation may fail to be sufficient for reproduction; more-
over, a dietary regimen which serves adequately for both growth and repro-
duetion may be unsatisfactory for lactation. The latter stvess offers the
most severe test of the nutritional value of a diet.

In the multigeneration tests, weanling male and female rats (Gener-
ation 1) whose parents had been on the laboratory diet were raised on
the test diets and were bred after 10 weeks (at 13 weeks of age). These
rats weve continued on the test diets during the subsequent pregnancy
and lactation. Young from the first generation (Generation 2) were con-
tinued after weaning on the same test diets which’ their parents had
received. At maturity the seccond-gencration rats were bred and a routine
similar to the above was repeated. In the case of the rats receiving IC
plus Vehicle, the experiment was continued through the weaning of the
sixth ‘geéneration; in the tests with SC, the experiment was terminated
when the fifth-generation rats were weaned. Table 9 summarizes the data
on the growth of the successive generations, while Table 10 records the
information to be gained from the pregnaney and lactation performances.

The multigeneration tests indicate that IC plus Vehicle is completely
harmless when incorporated in the diet at a level of 2.8% (equivalent to
1.1% of IC). The rats remained fertile throughont the 5 generations. The
total litters cast in the test group comprised 919 of the females bred
(59 of 65); this figure was identical with that of the control group (90%,
65 of 72). The body weights of the progeny were likewise similar in the
control and experimental groups. At the age of 3 days, the average weights
were 7.6 and 7.5 g., while at the age of 21 days the mean values were
found to be 34.5 and 35.1 g., respectively. ,

The results of the growth tests earried on from weaning for the suc-
cessive 10-week period give added confirmation of the non-toxicity of IC
plus Vehicle at the 2.8% level. The average 10-weeck weight of the fifth
generation male and female rats on the test diet (254.7 g., 178.3 g.) not
ouly exceeded the average of the first-gencration rats on this test diet
for the 10-week period (238.7 g., 176.6 2.) hut it was also higher than that
of the fifth generation of the control rats (2234 ., 1512 ).

A similar analysis of the data iundicates that SC exhibits no toxieity
over 4 generations when fed at a level of 1.992 or 9.5% of the diet. The
fertility remained hizh in all groups. The pereentages of suecessful preg-
paneies were as follows: Diet 171 (eontrol), 9396 (53 of 59); Diet 187

[15]
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TABLE 9
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Body Weights of Successive Generations of Rats Receiving” Control Diets or Those

Containing IC plus Vehicle or 3C

Male rats Female rats

II?"i;at . sub?i:ence Giir::a- Body weights Body weights

) in diet : Number After After Number : After After
Start 5 weeks 210 werks . Start 5 weeks 10 weeks
IC plus Vehicle tests
% ) g. g. 2. g. R A I'A
71 0 1 10 30.1 158.6 246.9 15 30.5 123.6 175.3
2 9 38.6 168.5 281.3 13 37.8 137.9 187.3
3 10 36.5 151.1 243.0 16 34.5 113.2 157.1
4 14 38.8 153.2 2243 232 374 123.0 159.4
b1 13 37.5 143.8 2234 26 35.9 113.8 151.2
87 2.8 . 1 11 30.4 155.2 238.7 15 - 303 133.0 176.6
2 11 38.5 157.7 255.0 12 34.6 132.8 182.1
3 17 35.0 134.7 2275 16 34.5 121.2 174.7
4 12 39.5 1644 240.0 18 37.9 124.5 160.4
K ‘17 38.7 178.1 2547 21 37.6 136.3 178.3
SC tests

171 0 1 ) 37.8 164.0 265.0 10 37.3 135.7 182.5
2 14 34.0 156.6 243.6 21 35.7 125.2 166.3
3 16 374 168.2 2330 19 35.8 122.7 163.1
4 18 36.9 161.7 289.3 22 36.5 126.1 179.0
187 1.9 1 5 38.2 167.4 2730 10 37.3 132.8 177.5
3 19 34.9 1501 245.3 16 33.9 122.0 171.1
3 14 3.1 175.2 2578 20 35.5 131.7 172.9
4 10 40.3 1729 265,14 16 38.6 129.1 177.8
188 9.5 1 4 36.5 160.5 267.3 10 37.6 131.5 1774
2 19 36.0 153.7 246.0 26 32,5 125.3 165.4
3 10 33.2 162.2 237.1 19 327 124.7 166.2
4 13 43.8 1749 273.3 19 39.5 132.0 178.8
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TABLE 10

Pregnaney and Lactation Response of Suceessive Generations r)f Rats Recciving Control
Dicts or Dicts Containing 1C plus Velicle or SC

&

Parents Litter
e Text Numb Numb . Died
[;'l(:.t substance Genera- u:; e ug; o Avernge Genera- Average Body weight Total bet\lveen
udded tion raty litters time ¢¢ tion number - rats Srd and
bired east ) 3 days l 21daysdd weaned 21st day
IC plus Vehicle tests .
% days g. g.
71 0 1 15 13 31.0 2 8.2 7.6 38.3(49) 70 0
2 10 10 43.2 3 6.2 7.3 28.1(1{) 33 4
3 10 10 35.4 4 6.9 8.0 38.6(28) 56 3
4 22 17 34.9 B 6.4 7.7 37.0(21) 53 1
5 25 23 36.1 6 5.8 7.3 30.4(28) 1034 1
S7 2.8 1 12 12 28.8 2 9.9 7.5 35.8(773 77 0
2, ] 8 31.4 3 8.3 6.9 34.5(335 35 9
3 7 7 38.2 4 6.7 7.7 35.2(14) 46 0
4 17 17 20.6 35 7.9 8.2 34.3(91) 98 0
5 21 15 $2.2 6 6.3 7.2 35.9(28) 564 0
N 8C tests ’
171 0 1 10 9 28.0 2 9.4 6.9 34.0(33) 35 0
2 14 13 273 -3 8.3 6.6 34.3(33) 60 3
3 19 17 27.7 4 7.7 7.2 33.6(35) - 63 5
4 16 16 26.6 3 7.1 6.9 34.5(63) 72 7
187 19 1 10 10 26.8 2 6.3 6.7 34.6(21) 41 0
2 15 15 2¢.2 3 6.8 7.4 33.5(42) 38 0
3 15 14 24,4 4 8.1 7.0 36.9(56) 83 3
41 14 14 31.0 5 8.4 6.8 36.7(56) 71 2
188 9.5 1 11 11 30,2 2 7.6 7.0 34.3(43) 61 2
2 23 23 26.2 -3 8.5 7.2 33.5(103) “117 ]
3 16 14 26.5 4 8.5 8.3 41.0(56) 67 0
4 14 14 274 3 9.4 7.6 37.1(84) 94 0
¢ Perind elapsing after the male and female rats were put in the same cages, ®lAverage weights of T-litter rats only. Figures in parentheses give

average uumbev of rats,

ev Kxperiment terminated before all rats were weaned, <
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(L9% SC), 98% (53 of 54) 5 and Diet 185 (9.5¢, SC), 97% (62 of g4).

A 1009, fertility wag obtained in the fourt},x-gencration rats fromn the eon-
trol and both experimenty] groups, 1The body weights of the youny were
slightly higher in the experimental groups than in the control group; thig
would indicate that no interference with the lactation Proeess had been
occasioned by S(. The average weights of d-day-old rats of all 4 genera.
tions were 6.9 2. for the control group, 7.0 g. for those reeeiving 194 SC,
and 7.6 g. for those receiving 9.5% of SC in the diet. After 21 days, the
comparable averages were d4.1, 354, and 370 g, respectively. Mortality
from the 3rd to ‘the 21st day was 15 for the control group, 5 for the
which received 1.9%, and 2 for those which were fed 9.5, of SC, -

In the 10-weel growth tests, the averages of tie mean weights of. the

"4 generations on the several dietary regimens showed little difference, The
‘alues for the male rats gave a grand average of 262.3, 261.1, anq 255.9 g.
for Diets 171, 187, ang 188, respectively. In the case of the females, the
corresponding grand averages were 172.7, 174.8, and 1724 8., respectively.
The mean weights of the rats after 10 weeks on both experimental djets
containing SC wepe approximately identical, aftey 4 generations, with
those of the first-generation animals on the same dietary regimen.

Growth Tests on Rats with Diets Conta'ming Heated Fatg
] - Without or With Citric Acid Esters

Sinee it is known that some fats such as sardine oj] become less com-
pletely digestibl_e when subjected to a high temperature (13), it was con-
sidered desirable to make tests on margarine fat heated without or with
IC plus Vehicle o SC to determine whether a change in nutritional valye
mmay oceur. In order to establish whethey such a decrease occurs, growth

tests were made on weanling ratg using fats so treated as well as potato

N

' chips prepaved by deep-fat frying in such fats. If the g8rowth responses

of the heated fats containing either of the citric acid esters tested were
found to be inferior to that of the control heated fat, such an effect might
be aseribed either to decomposition produets of the citrie acid esters or
to a decomposition of the fat caused by heating in the Pbresenee of the
citric acid esters, Data on these tests are summarized m Table 13.

No adverse effects on growth were noted in either male or female ratg
over I10-week periods when margarine fats heated at 205°C. continuously
for 8 hours and used for deep-fat frying were incorporated in the diets,
as compared with contyrol tests in whiel uuheated'margarine fat was em-
ployed in similay dietayy regimens. I\Ioreover, when IC plug Vehicle or
SC was added to the test oily prior ‘to the brolonged heating Proeedure,
and these oils were then subjected to deep-fat Irying for the S-hour period,
no toxieity developed. This fact was demonstrated by identiceal growth
curves of rats receiving diots containing the fat hewted with additives gy
ompared with (hose of raty reeciving (licts conlaining (he heated Fay
without addifives as well as the witheatod oy withont ihilitives, _

In addiion, no differences in the growih of weanhing rats wepe observed
din marearine fats
with additives over that noted whoy, the potatoe chips had been prepared
i marearine fat without these ¢ifrie acid estops, These resulty indicate

18]
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"TABLE 11

Thr Increase in Weight of Weanling Rats over 10-Weck Periods Which Reecived Dicls Containing Unheated Margarine Fat (Control),
Margarine Fat Heated at 205°C. for 8 Hours Without or With IC plus Vehicle or SC, and Potatocs Fried in Such Fats

Test Body weight Total Total test

% pi |y o] Sk | E | RS | e
Experiments on male rats
: % g. g g g. g.
70 Unheated fat (Control) 0 10 35. 258.2 2228 819 ‘0 6.68
73 Heated fat 0 10 36.2 263.5 2203 738 0 J 708
59 Heated fat plus IC plus Vehiele 0.06 10 © 373 262.3 225.0 748 0.45 7.04
T4 Potato chips from 73 : 0 10 30,9 260.4 221.4 758 0 - 743
o0 Potato chips from 89 0.044 9 36.3 263.0 226.4 789 0.35 7.04
159 Heated fat plus SC 0.36 10 358.0 267.5 220.3 776 6.67 6.93
180 Potato ¢hips from 189 0.68 11 - 30.0 265.1 226.1 793 6.40 6.68
Experiments on female rats ’
70 Unheated fat (Control) 0 10 39.7 180.2 140.5 701 0 4.93
73 Heated fat - 0 10 38.1 187.0 1438.9 670 0 5.20
B Heated fat plus IC plus Vehiele 0.06 9 38,0 - 103.7 135.7 680 © 041 337
T+ Potato chips from 73 0 9 37.2 182.1 144.9 677 0 5.42
an Potato chips from 89 0.044 9 30.2 183.7 1465 634 0.31 5.22
184 Heated fat plus 8C 0.86 Q 38.9 180.8 1410 G449 358 3.12
190 Potato c¢hips from 189 0.68 S 39,4 151.3 141.9 (GiY 565 5.00

f¢ Based on content of citrate esters present in fat at start of heuting, #3(G. gain in weight/calovies consumed) X 1vo,

-
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that the heating of 1C plus Vehiele or SC in margarine oil for 8 hours

at 205°C. does not produce toxic decomposmon products nor does it cause
the oil to be adversely affected.

Acknowledgment

The authors wish to acknowledge the help of Dr. Wm. Baber, Mr. George Kryder,
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SUMMARY AND CONCLUSIONS

The results of the present toxicological study of 2 new chemieals pro-
posed for use as food additives may serve as an illustration of what
constitutes adequate testing of new food chemicals. Mixtures of mono-,
di-, and tri-alkyl esters of citric acid were evaluated for the safety of

their use in stabilizing the flavor of oils and fats and foods containing
such oils and fats.

Consideration was first given to an independent analysis on the part
of the testing laboratory of the mixed esters of citrie acid to check the
claims made by the manufacturer that the products were actually what
they were reputed to be. Because of the variations in composition of mixed
esters, many different batehes were employed in the current investiga-
tion; analyses were made of representative batches.

Consideration was then given to the possible hydrolytic products of the
esters of citric acid, and evidence was cited from the literature showing
that such hydxolytlc products in themselves exhibit no toxieity. It was
emphasized that the intact esters themselves must be subjected to exhause’
tive toxicological studies using 3 specics, not more than 2 being rodents.
LID,, values carcfully determined on one species and cheeked with another,
acute experiments on 3 speeies, longevity tests, multigeneration studies, and
toxicological studies of the possible degradation products of the citric acid
esters were all conducted. In addition, histopathological examinations of
tissues obtained from sacrificed animals were made throughout the course
of the investigation. When the major portion of the studies was completed,
the data were presented to the Division of Pharmacology of the 1. 5. Ifood
and Drug Administration for their eviticism, and their suggestions were

- followed in carrying the toxicological investigation to completion.

More specifieally, studies bave been undertaken to determine whether
2 new flavor-stabilizing agents for fat produects, namely isopropyl citrate

_esters, predominantly mono-isopropyl citrate (IC), the same plus mono-

and diglycerides veliele (IC plus Vehicle), and stearyl eitrate esters, pre-
dominantly distearyl citrate (SC), possess any toxicity when measured by
various appropriate indices.

The LD, values for the 2 cmnpmmds studied were relatively high. That
for 1C plus Vehiele alone or dissolved in oil was approximately 19.0 g./ke.
(7.2 g./kg. as IC), while the figure for SC excecded 5.4 g Jkg. in l'ats. No
sex differences were noted.

There is no evidence from acute experiments on vats (6 weeks), rab-
bits (6 weeks). or dogs (11-12 weeks) of any toxicity as measured by
growth, mortality, or pathological manifestations.

[20]
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Longevity (chronic) tests were carried out on rats, for 2-year periods
from weaning, on IC plus Vehicle at several levels (0.28, 0.56, and 2.80%
of the diet) and on SC at 3 levels (0.5, 2.0, and 10.0% of the diet).
deleterions effeets as compared with that of the controls were noted in
any groups in so far as could be determined by growth rates, mortality,
and histopathological examinations of tissues.

Another method for evaluation of possible chronic toxicity, namely
multigeneration studies, likewise indicated that IC plus Vehicle, at a level
of 2.8% of the diet, and SC, at levels of 1.9 and 9.5% of the diet, are
completely innocuous. These conclusions are based upon fertility over 5
aud 4 generations, lactation performance as judged by the 3-day and
21-day weights of the offspring, as well as by their survival for the nurs-
ing period, and by the rate of growth of rats of the sevexal generations
over a 10-week period following weaning.

Margarine fat containing 0.5% IC plus Vehicle or 7.5% of SC did
not develop toxicity (as determined by rat feeding tests over 12 weeks)
when subjected to deep-fat frying at 205°C. over an 8-hour period. Potato
chips, fried in such fats, and which retained approximately 40% of the
fat, were also entirely satisfactory for growth.

Histopathological examination of the tissues of the rats after 2 years,

of rabbits after 6 weeks, and of dogs after 11 to 12 weeks on the test diets
did not reveal any evidenee of specific damage. In the ease of rats and
rabbits, the following tissues were subjeeted to histopathological examina-
tion: liver, kiduney, gastrointestinal tract, spleen, heart, lung, pancreas,

gonads, brain, and adrenals. Only the liver and kidneys were examined

in the dog tests,

All tests for toxicity indicate that IC when given as IC plus Vehicle
and SC are harmless at levels as high as 1.1 and 10% of the diet, respec-
tively. The maximum level at which IC has been tested and proved to
be harmless is more than 500 times that which would be ingested in
margarine containing 0.02% of IC where this fat makes np 15% of the
diet by weight. Similarly, the highest level at which SC has been tested
and which has proved harmless is about 500 times greater than would be
consumed when nargarine ‘containing 0.15% of SC makes up 15% of
the diet by weight.
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Annex 2

ACCEPTABLE DAILY INTAXES FOR MAN
OF SOME MISCELLANEOUS FOOD ADDITIVES

Ov?rall”::lailg ;ntake one a
. Specifications mg/kg body-weight)
Compounds consdergd available _

Unconditional | Conditiopal
Ascorbic acid Yes 0-2.5 2.5-7.5
Citric acid Yes Not limited
Propyl gallate Yes | )
Octyl gallate . . Yes 00206 0.2-0.5 &
Dodecyl gallate Yes f
Glucono-deita-lactone Yes 0-15 15-50
Hexamethylenetetramine Yes Decislon postponed
Isopropyl citrate mixture - ’ Yes - -
‘Dl-Lactic acid Yes 0-100 ¢
DL-Malic acid Yes . 0-100¢
D-Mannitol . Yes 0-50 50-150
Polyvinylpyrrolidone Yes 0-1

a The first part of the overall acceptable daily intake zone is termed unconditional, and this
represents levels that can be safely employed without further expert advice. The second part of
the zone is termed conditional and represents levels that can be employed safely but at which it is
thought desirable that some degres pf expert supervision and advice should be readily available.

5 As the sum of these gallates (calculated as gallic acid).

¢ Refers to content of D(—)-lactic acid.

d Refers to content of D{—)-malic acid. The maleic acid content of malic acid should not
exceed 0.05%. i

Annex 3

ACCEPTABLE DAILY INTAKES FOR MAN
AND CLASSIFICATION OF SOME FOOD COLOURS *

Overall daily intake zone b

Specifi- | Toxicologi- el
Compounds considered cations cal classi- (mg/kg body-weight)
avaifable .| fieation '\, ditional 1 Conditional
geta<carotene | }Kes A l
eta-apo-8'-carotena es A
Methyl and ethyl esters of heta- ’ 0-2.5 ¢ 2550 ¢
apo-8’-carotenoic acid (Cso) Yes A
Canthaxanthine Yes A 0-12.5 12.5-2.5
Black 7984 [ol]]
Indanthrene Blue RS Yes Cit
Quinoline Yellow Yes Ci

@ See the eighth report of the Joint FAQO/WHO Expert Committee on Food Additives /1855),

page 14.

b The first part of the overalt acceptable daily intake zone is termed unconditional, and this
represents levels that can be salely employed without further expsrt advice. The secand part of the
zone is termed conditional and represents levels that can be employed safely but at which it is
thought desirable that some degree of expert supervision and advice should be readily available,

¢ As the sum of all these carotenoids.
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casily from the polysaccharide gums, which have a different chemical
structure and a different use. A specification for the substance was prepared
and will be published in due course. On the basis of the no-cffect level in
the rat, the ADI for man was cstimated at 0-2.5 mg/kg body weight.

Isoascorbic acid and sodium salt

Adequate short and long-term studies have been carried out in the rat.
The biochemical studies indicate that isoascorbic acid is readily metabo-
lized and does not affect the urinary excretion of ascorbic acid. On the
basis of the no-effect level in the rat, the ADI for man was estimated at
0-5 mg/kg body weight.

- Isopropyl citrate mixture and monoisopropyl citrate

On the basis of the no-effect level in the rat, the ADI for man was
estimated at 0-14 mg/kg body weight.
Stearyl citrate

The data for this compound were carefully re-cvaluated and the previous
ADI increased. '
Thiopropionic acid and dilauryl ester

The previous conditional ADI was deleted. Because studies on the
distearyl ester were insufficient for evaluation purposes, the ADI does not
include this compound.
«-tocopherol and mixed tocopherols concentrate

On the basis of clinical experience with this vitamin, the ADI for man
was estimated at 0-2 mg/kg body weight, which includes the previous
unconditional and conditional figures.
Others

Other antioxidants considered include citric acid and its salts and
nordihydroguaiaretic acid.

5.4 Emulsifiers and stabilizelrs

Ammonium salts of phosphatidic acids

Tentative specifications prepared at the thirteenth meeting of the Com-
mittee were changed into final specifications. An ADI was established.
Diacetyl tartaric and fatty acid esters of glycerol

For these substances, the previous unconditional and conditional ADIs
were converted to an ADI of 0-50 mg/kg on the basis of the results of
biochemical and metabolic studics and feeding tests in animals.

19

TS




———

Number 14551 " ¥ood Additive Regulations '

1-13-66

Reference 7

555089

Product Tolerarice v

Limitations
or restrictions

Monoisopropyl citrate .
Potassium citrate

Sodium acid phosphate . . .
Sodium citrate e
Sodium diacetate
Sodium gluconate
Sodium hexametaphosphate ... ...
Sodium metaphosphate ... .
Sodium phosphate
(mono-, di-, tribasic)
Sodium potassium tartrate ... ...
Sodium pyrophosphate -, .

Sodium pyrophosphate, ... ... .
tetra T

Sodium tartrate

Sodium thiosulfate 0.1 percent In salt

Sodium tripolyphosphate ... . ..

.Stearyl citrate : 0.15 percent

~

Tartaricacid ~ °
' [155,508] (7) Stabilizers

Product - Tolerance

Limitetions
or restrichions

Acacia (gumarabicy*
Agar-agar e
Ammonium alginate*

Calcium alginate* =

Carobbeangum
(locust bean gum)

Chondrus extract (car- e .
rageenin)

Ghatti gum*> .

Guargum

Potassium alginate*

Sodium alginate

Sterculia gum (karaya ... ... ...
gum)*

Tragacanth (gum .
tragacanth)*

* Substances added from February 2 and Au-
gust 4, 10680, proposed Iists,

Food Drug Cosmetic Law Reports 21 CFR 121.101 ¢ 55,503
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55,508

Food Addiiives——Dietary Food

549 8-6-73

Product

Tolerance

Lismitations, restrictions,
or explanations

Trypotophane (L-and DL-
forms)* _

Tyrosinc (L- and DI~
forms)*

Valine (L- and DL-
forms)*

Vitamin A }
Vitamin A acetate
Vitamin A palmitate
Vitamin B,,

~ Vitamin D,

Vitamin D,

Zine sulfate *

Zinc glucenate
Zinc chloride *
Zinc oxide *

Zinc stearate (prepared
from stearic acid free
from chickedema factor)*

..............

..............

..............

..............

..............

..............

..............

..............

..............

Food additive regulation
§ 121.1002. :
Food additive regulation

§ 121.1002.

Food additive regulation
§ 121.1002, .

[As amended, 38 F. R. 20036, effective January 23, 1974.]

[155,507] (6) Sequestrants?

Product

Tolerance .

Limttetions
or restrictions

Calcium acetate
Calcium chloride
Calcium citrate
Calcium diacetate
Calcium gluconate

Calcium hexametaphosphate -

Calcium phosphate, mono-
basic :

Calcium phytate

Citric acid
Dipotassium phosphate
Disodium phosphate

Isopropyl! citrate

0

...............
...............

...............

..............
...............

..............

..............

0.02 percent

* For the purpose of this Hst, no attempt has
been made to designate those sequestrants that

may also function as chemical preservatives,

155,507 21c¢rRm 121.101

* Substances added from February 2 and Au-
Bust 4, 1960, proposed lists.

© 1973, Commerce Clearing House, Inc.
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[Reprinted from T Journat oF i Americax On, Coesnsts' Sociery, December 1953 Issue, Vol. XXX, No. 12, Pages 602-606]

A New Accelerated Holding Test Involving Aeration of

Oils in Iron Tubes

Reference 8

FREDERICK H. LUCKMANN, DANIEL MELNICK, and JAMES D. MILLER, Research Laboratories,

The Best Foods Inc., Bayonne, New Jersey

HI active oxygen method (A.O.DM. test) deseribed
by King, Roschen, and lrwin (1) and modifica-
tions thercof by Riemenschneider, Turer, and

Speek (2) as a means of evaluating the keeping qual-
ities of oils and fats have been used by the vegetable
oil and animal fat industries for many vears. This
method depends upon the aeration of oils and fats
(usually freshly processed) in glass at 98°C. with the
determination of the progressive increase in peroxide
value as an index of oxidative deterioration. The time
" in hours required for thie attainment of a certain per-
oxide value associated with an organocleptically de-
tected rancidity, viz.,, a peroxide value of 100 milli-
equivalents per kilogram of hydrogenated vegetable
oil, is the value reported. In citing such data, the
possibility of subsequent metal pickup changing the
value is negleeted. Oils and fats are transported
from refiner to bulk users in sheet iron tank cars.
Users eream the fat with other ingredients in sheet
iron mixers or fry with these products in sheet iron
vats. Then why conduct A.QDL tests only in glass
apparatus? Certainly, such tests on fats relatively
free of metals ean fail to prediet which fat is better
protected against subsequent metal pml\up

The ob,]egt of the present report is to present an
accelerated holding test for evaluating the resistance
of oils and fats to oxidative deterioration catalyzed
by prooxidant metals. By simply rupl'xcmﬂ' the glass
tubes in the conventional A.OM. test with iron tubes
of similar design, the factors of iron contamination
and eontact metal catalysis are now brought into play.
The precision of the modified A.Q.M. test is good
when the iron tubes are properly prepared. The re-
sults on an absolute and rvelative basis obtained in
testing fats by the conventional and modificd A.Q. M.
stability tests show striking diserepancies.

Experimental

Test methods. The assembly for the A.O.M. test
usod in the current studies was that described by
King, Roschien, and Irwin (1) except that the glass

R

tubes in which the fats were acrated were now re-
placed by iron tubes made by welding a small iron
plate to the bottom of a T%-in. len”th of 34-iu. iron
pipe. An aqueous solutlon of potassinm dichromate
and sulfuric acid, each in 2% concentration (3) was
employed for \\(lshuw the incoming air in place of
the potassium permanganate soluuou (1)

The preparation of the iron tubes prior to evalua-
tion of the test fats has proved to Le of primary
importance, and the procedure to be described must
be carefully followed in order to obtain reproducible
Iesults The tubes are cleaned by placing them in a
1 - 1 solution of eoncentrated hydrochlorie acid and
water for three hours. The tubes are then scrubbed
with a hard bristle brush in order to remove loose
iron, rinsed well with water, followed by acetone and
finally cther, and blowu dry with nitrogen. The tubes
are next rinsed twice with the liquid test fat. Twenty
ml. of test fat are added to each tube for the test. In
the event the test canuot be run immediately after
the tubes have becen prepared, the tubes are filled -
with the test oil and held at the melting point of the
oil until ready for use. This oil is dlscarded, and the
tube is rinsed twice with fresh portions of test oil
and wiped with cheesecloth; and 20 ml. of the fresh
oil are added to the tube for the accelerated test.

. . .
Approximately 2-gm. samples of the oils aerated

at 98°C. were taken at periodic intervals for determi-
nation of the peroxide value and for flavor scoring.
The peroxide values were determined on a 0.2- to
0.3-gm. sample by the method of Riemenschneider,
Turer, and Speck (2) and calculated as mllhequwa-
lents per kilogram of fat. Acceptability of oil flavor
as employed in this study means that the oils were
still edible; the cooked flavor which develops during
acration of the oils at the elevated temperature in
both glass and iron tubes was discounted.

IPor epmparative purposes A0 tests of the same
fats, using the conventional glass tubes, were em-
ployed. In some cases iron as iron stearate was dis-
solved in the oils aerated in the glass tubes.

TABLE T
Precinion o! A () M, Test (,nmlmlul on Commercinl Shor lt nm;.n Acented at 987, in (.ln« nnd hnn s
i (;luss Tubes lmn Tubes
Code Identity » — JE——
: (b) 1\\(~r1;:c (s} (b} Average
Hmnu to n 1|m m. n./k-,,r, peroxide value
A Faard plus 00265 BITA, 0,015 PG and 0.00667 A, 16 .li'n a5 @ 14 12
133 Taord plus 0 026, BHA pnd 0.000%, CALL ¥} o an 5 18 L]
(3} Hydvogenaterd vepetahlir ol Al H i K2 HS ah HH
1 Hydrogenated vegetahly oit, IR HE] a5 UK H an
I fivdrozenaterd vegetahln oil 106 1 I.! toy MES H¥d H3.
¥ Hydrogenated vegetnble oil, 1% 17 TR IS 2% 21
G Hydrozenated vigetablo oil, 126 121 12 HE Gl 60
14 JHydrogenated vegetable ol [N 141 139 o4 61 i3
I ITydrogenated vegetableo o e 13R 110 3 bl 24
J Hydrogenated vegetable o 143 151 151 21 25 o
i Hydrogenatad \«gatnhlo oil. . 201 o800 201 | h2 52 52
L Hydrogenated vegetable oil plus 0.08% IO iiirieeiiiiciicercenrierecee e __end Al g1e 17 s 116
lmprmlnuhlhh of the V' \I.u\ Obtained in Hours
Basced uwpon a single analysis.... +2.7(18.D) +2.7(1 8.}
Based upon the average of du £ 19(18.D.) +1.9(18.D.)

*BHA = butylated hydroxyanisole; PG = propyl gallate; CA

= citric acid

(1]

1C = isoprapyl citrate esters, preduminantly monoisopropyl citrate.



TABLIE

Precision of the A.O.M,

Test Condieted on n Hydvm.,a nuiml Vegotahle
Anmomdnnln and Aerated at 987C.

11

Shorvtening Containing Various
in Glass and Iron l‘nbw

(;I.\39 Tubes Iron Tubes
Antioxidant - -
(a) (b) Average (a) (b) Average
Hours to a 100 m.e./kg. peroxide value

None..oviivnniennn, 63 73 71 39 40 . 40
0.02% butylated hydroxyanisole 146 136 136 44 41 43
0.00.)% CHTIC ACIA. .. iiiiimreiernccssnn e sssen e s cn s s b rse s s s s nnnanesnnens M1 146 136 61 56 59
0.006% Propyl BAIIALe.....iiiiiiiieriicriieiensioresercassesssinasstiaesssrtessenssessesansnreananssasssssessiasnssssssrorarsss 112 116 114 44 47 46
0. 10% leclthm hedeeasaraaereiuonrtreeeseresasee st R bR oo st s e b hab s s e nestuabs b bansnnantrratess 133 138 136 - 33 33 33
0.08% isopropyl- c:trmo 150 1540 150 154 156 155
0.005% citric acid 4 0.006% propyl gallate...iicniicesresnnns 2090 204 292 51 56 54
0.10% lecithin - 0.0065 Propyl Eallabe.. . iciiiiiiriceercrnriieneeerecinesssasssiannena - 237 243 240 47 53 50
0.029% butylated hydroxyanisole 4 0.006% propyl gnllate 4 0.005% citric acid.....cceeneee 290 289 290 120 115 118
0.02% hutylated hydroxyanisole 4 0.006% propyl gallate -} 0.08% isopropyl citrate........ 320 325 323 278 285 282

Reproducibility of the Values Obtained in ¥ours

Based upon a single analysis... o +2.7(1 8.D.) | +3.0(18.D.)

Based upon the average of duplicate ANALYSES.....ccoveciiviiiarveimsimssiniermiriseriorniisscssisonses) +1.9(18.D.) } +2.1{1 8.D.)

~ Iron analyses were conducted on a number of oil
samples by the A.0.A.C. orthophenanthroline method
(4), following exhaustive hot acid extraction of
20-gm. oil sample and using the coneentrated acid
extract as the test solution. The standard deviation,
based upoun recovery experiments, has shown that this
method is accurate to within 0.1 p.p.m. of iron.

Reproducibility of the conventional and modified
A.0.0. tests. In Table I are listed values obtained
in duplicate when commercial shortenings were aer-
ated at 98°C. in glass or iron tubes. It will be noted
that the reproducibility of values, expressed in hours,
based upon a single analysis or one run in duplicate
was the same in the tests conducted on the oils in
glass or iron tubes. Actually, the precision of the
results on the oils in the iron tubes was poorer in
relation to the number of hours for completion of
the test; in iron tubes the oils exhibited striking
decreases in A.O.M. values. The only exception was
Shortening L, the produet containing 0.08% mixed
isopropyl citrate esters predominantly monoisopropyl
citrate (5). The lard samples (A and B) were poorly
proteeted in the iron tubes despite fortification with
antioxidants. The vaviability in results between differ-
ent shortenings is attributed to variability in concen-
tration of added but not declared metal sequestering
agents; compare, for example, results obtained on
Shortening G with those on Shortening J. It is very
likely that Shortening G had been treated with eitric
acid at some stage in processing while Shortening J
had not had the benefits of such treatment. But even
in the case of Shortening G (or H for that matter),
protection against the prooxidant effects of iron was
not impressive. The siriking results obtained with
Shortening L support the conelusion that the limited
solubility of eitrie acid in oils rvestriets s effeelive-
ness under the method of test, Base of use and ready
solubility very d(xﬁmtcly favor the esters of citric
acid (5).

In order to check some assumptions made above on
the likely presence op abscence of metal sequestering
agents in the commercial shortenings and in orvder
to eheek further into the reprodueibility of the modi-
fied ALO.ALL test, a study was eondueted on one short-
ening before and after supplementation with the more
popular antioxidants alone and in combinations in the
customary concentrations used commereially. The re-
sults of this study are summarized in Table I1.

The reproducibility of values obtained by the con-
venlional and the modified A.OM. test in this series
was comparable to that obtained with the different

(2]

shortenings (see Table T). Statistical evaluation of -

the combined data in Tables I and II show that the

values (averages of duplicates) by either the con-

ventional or modified methods are reproducible to
within =+2 hours, actually +1.9 and 2.0 hours,
respectively, for one standard deviation. The stand-
ard deviation of a single value is 2.7 hours in the
former and 2.8 hours in the latter test.

It will be noted from the results obtained with the
hydrogenated vegetable oil in glass tubes that various
antioxidant mixtures were apparently superior to the
isopropyl citrate alone. This however was not the case
when the tests were conduected in iron tubes. Under
these civreumstances the high concentration of isopro-,
pyl citrate conferred a def'lee of stability strikingly ™
superior to that attained w1th the other antioxidants,
alone and in combinations. The best antioxidant com-
bination appeared to be butylated hydroxyanisole,
propyl gallate, and isopropyl citrate. The latter re-
placed the small concentration of citric acid custom-
arily used in antioxidant combinations.

Flavor seorings conducted periodically on the fats
deseribed in Tables T and I1 during progressive oxi-
dative deterioration were in very good agreemment with
the corresponding peroxide values. It was established
that the peroxide values aceepted as end-points in the
conventional A.Q.M. test, ¢.c., 100 milliequivalents per
kilogram for hydxo"cnatcd \«wetable oils and 40 for
hydm(_renated lard, were equally applicable to the oils
acrated in the iron tubes. Since the curve of increas-
ing peroxide value (or rancidity) was so steep for the
lard products subsequent to the attainment of a 40
peroxide value, the reporting of all values obtained
to the common end-point of 100 was preferred.

Significance of the modified A.Q.M. test, Tt was
anticipated in initiating the present study that the
acration of oils in iron tubes would provldo a dy-
natuie test system for evaluating the resistance of the
oils to oxidation catalyzed by a prooxidant metal.
Progressively inercasing contamination of the aerated
oil with iron in the modified A.Q.M. test was expected.
In practical operations an oil or shortening does not
hecome contaminated with a speeific quantity of iron
or other prooxidant metal but exhibits a progressive
pickup of such metals as the oil is progressively ex-
posed to metal equipment in transportation, storage,
and use. The addition of a specific quantiy of iron,
as iron stearate, to the oil in the conventional glass
tube cannot simulate adequately what occurs under
conditions of use.

Y
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Tn order to cheek the above assumption, a study
was condueted to determine the vate of iron pickup
in oils acrated in iron tubes and to ecompare peroxide
development in such oils with that noted for the same

Coils supplemented at one time with known quantities
of iron and then acrated in glass tubes. The influenee
of the mixed isopropyl citrate esters, predominantly
monoisopropyl citrate (5), in stabilizing the aerated
oils iu both test systems was also evaluated.

Shortening 0il alone
0il + 002% Isopropyl Cn,r’ate
* +008% ‘
Hours| | } ,}l_lk 0 I [
o 60| | R ; T4t -
g 9 83 hours ‘ -
ER Y -
s ! ‘
g ol fH Ly
k= 50%:% //" 160 hours R
8] i - -
% 40| il b :
-3 N L.
-
2 0 . 136 hours
.g 20f ; ~ - -
o LT =
:g 1005/ -
| i
0 20 40 60 B0 100me/kg. O 10 20 30 40ppm.

Peroxide value Iron content

Fie. 1. Teroxide development and iron pickup during aera-
tion in iron tubes of o hydrogenated vegetable oil with and
without added isopropyl citrate esters, predominantly mono-
isopropyl citrate. -

In Figure 1 are presented the results obtained in
condueting A.Q.DM. tests on a hydrogenated vegetable
oil acrated in iren tubes. This particular oil had an
A0, value of 79 hours according to the conven-
tional test and 125 hours when protected with iso-
propyl citrate in either 0.02 or 0.08% concentration.
The marked increase i the snsccptlblhh of the oil
to oxidation when aerated in the iron tube was again
noted : 36 liours in eontrast to the 79 hours obtained
when the all-glass apparatus was employed. Isopro-
pyl citrate protected the oil to such a degree that, at
the 0.08% level, a value for the oil in the ivon tube
was obtained at least as good as that for the same oil
without isopropy! citrate in the glass tube. This con-
centration of metal sequestering agent eannot be ob-
tained with free citrie acid.

Also plotted in Figure 1 are the iron values of the
oils that hiad been acrated in the ivon tubes. Deeanse
of the Timited sensitivity of the colorimetrie fest for
iron, each oil sample analyzed eame From o dilferent
tube. This explains the erratic iron figures of from
0.2 p.pm. to 1.0 p.p.m. as the oils were progressively
acrated to the point of accelerated peroxide develop-
ment. The vaviations in iron values were not due to
imprecision of the test method. The method is accu-
rate to within ==0.1 p.pa of dron, e, the standard

. deviation based npon recovery experiments. Tt was
repeatedly observed during the periods of moderate
inerease in peroxide value, covering almost 9% of
the aeration periods. that fairly good agrcement be-
tween peroxide values of oils from duplicate tubes
was obtained despite wide varialious in the iron eon-
tent of these oils. At the break point.in the test, when
the peroxide values sky-rocketed, there were marked

but still variable inereases in iron content of the

" fatty acid values inereased by only 0.1%.

(3]

oils;
the variability in the iron values is indicated in Iig-
ure 1 by the branching of the curves showing iron
pickup. Indeed, when the oils were aerated for an-
other hour or so, yielding peroxide values of 500 to
600, iron values as high as 30 p.p.m. were obtained.
Jut here also there was poor correlation between per-
oxide value and iron content. The free fatty acid
values paralleled to some degree the iron figures.
During the major portion of the aeration period the
free fatty acid valnes were small and variable from
0.06 to 0.20%., but at 1he point of sky-rocketing per-
oxide values the free fatty acid values were inereased
to about 1.3%. In the oils in the glass tubes the free
The in-
crease in free fatty acid values of the oils in the iron
tubes at the terminal stages of the test may very well
be respousible for the inereased iron contamination.

In contrast to the results noted with the oils aer-
ated in iron tubes are the findings in Figure 2 and
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Fig. 2. Peroxide development during acration in glass tubes
of a hydrogenated vegetable oil with and without added iso-
propyl citrate (1C, predominantly monoisepropyl citrate) and
hefore and after supplementation at one time with known
quantities of iron as iron stearate.

obtained with the same oils aerated in glass tubes
before and after supplementation at one time with
known quantities of iron, as ivon stearate. It will be
noted that the aceeleration in peroxide development
at the terminal stages of the test was not as intense
in glass tubes, The results on the oil withont iso-
propyl citvaie aerated in the iron tube (see Figure
1) most closely approximated the findings plotted
in IMgare 2 for the oil with 3.2 p.pa. of ivon, an
jron value far in excess of that obtained during the
major period of aeration of the unproteeted oil in
the iron tube. Isopropyl citrate at the two levels em-
ployed performed far more efficiently in protecting
the oils against oxidation in g]dss tubes despite the
far higher iron contents. IFlavor scorings of the
acraled oils in both glass and iron tubes confirmed
the A.OLM. values presented.

It will be noted that peroxide values have been
plotted on the abseissa and the hours acrated on the
ordinate in both 1%igures 1 and 2. Ia so plotting the
data, an index of overall keeping quality eould be
obtained. To evaluate the keeping quality by deter-
mining the number of hours to attain a specific




peroxide number (100 m.e./kg.) does not take into
aceconnt the rate of peroxide development during the
induetion period. IFor a more eritical evaluation the
arca under the eurves presented in Figures 1 and 2
were measured.  These values were expressed rela-
tive to the arca obtained with the system ““frec”’
of iron set at 100; the basie oil in glass was rendered
““frec’’ of iron by the 0.03% isopropyl ecitrate. By
this device, overall keeping quality of the oils was
caleulated.

TABLY I11

Significance of A.0.M. Test Values on Shortenings With and
Without Added [:on

Shortening with isoprapyl citrate
Test system
0.0% 0.02% 0.08%|0.0% 0.029% 0.087%
Oit in glass tubes Ilours® Overall quality®
125 125 125 100 100 100
79 123 125 64 100 100
62 120 125 43 95 98
28 107 118 24 84 90
0Oil in iron tubes Hours® Overull quality®
Variable Fe content® of
0.2-1.0 p.p.m 36 GO 83 a2 58 85
p.pm, of iron
Fe content of oil in glass to - ———
giva same A.O.M. picture Well  Well Weli Mare
for oil in iron tubes 2.5 ahove ahove 2.0 above than
3.2 3.2 3.2 3.2

2To a peroxide value of 100 m.e./kg. of fat.

bAren under curve, plotling peraxide value versus hours of aeration
at 98°C.; the area obtained with the system *‘free” of iron was set at
100 to obtain relative values for overall keeping quality, . A

¢The basic oil in glass rendered '““frece” of iron by the 0.08% iso-
propy] citrate. - .

TQuantity of iron in the refined deodorized oil; the other values were
obtained after supplementation with iron stearate.

¢ Just prior to the termination of the test.

The values for overall keeping quality have been
listed in Table [1[. The hours required to attain the
end-point in the A.O.M. tests are also presented for
these test oils containing a variable iron coutent. It
is apparvent from the evaluation of results in Table
I11 that the greater susecptibility of oils to oxidative
deterioration in iron tubes is not due to the pro-
oxidant effeets of dissolved iron but primarily to
contact metal catalysis and that isopropyl citrates
minimize the deleterious effects due to both dissolved
iron and contact metal catalysis. It would follow
therefore that the present modification of the A.Q.M.
test is superior to the conventional A.Q.M. test (even
*vhen the latter involves the addition to the oil of a
specific amounnt of iron as a fatty acid salt) in evalu-
ating the potential valuc of metal sequestering agents.

In Table IV are presented results obtained when
another hydrogenated vegetable oil was aerated in
iron {ubes to a point just prior to sky-rockeling per-
oxide values. The oils were then transferved to glass
tubes, and the ALODL test was carried to completion.
From the resulls obtained it has been coneluded that
a marked instability has been imparted to the oils
even during the carly period of acration in iron tubes
and that isopropyl eitrate is strikingly effective in
protecting the oils during this period. It is postu-
lated that the tocoplierols (very weak acids) in the
oils are cither adsorbed by the metal wall and ren-
dered ineffeetive or destroyed during the period of
acration. Thus the oil used i the A O test No. 6
may be regarded after the aecration in the iron tubes
to be an eszentinlly tocopherol-free oil. Tn those oils
containing the isopropyl ecitrate esters, predominantly

[4]
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TABRLY IV

Instability Tmparted o Shortening Duoring Early Period of Aeration at
HAYC, in Fron Tubes and Protective Influence of Isapropyt
Citrate Ksters (1C) in Minimizing This Eifect

I Fours Required
A.OM, ¢ Aeration P“",',:;“\.'(;]o ! “
test added in tubes attained Iv:“nl:’l:h Total
per cent m.e./kg. B
1 ¢ 0,00 Iron 1n0 19 19
2 0.00 CGilass 100 74 T4
3 0.08 Tron 100 92 92
4 0.n8 Glass 100 150 150
5 0.00 Iron 10 4
- and then 22
glass 100 18
6 0.00 lron 39 17
. and then
glass 100 3 20
7 0.08 Tron 20 66
and then 3
glass 100 63 129
8 0.08 Iron 30 . T2
and then
glass 100 40 112

monoisopropyl citrate (a very much stronger acid);

the competition for metal between tocopherols and
monoisopropyl citrate is in favor of the latter. Under
sueh circumstances the tocopherols should be better
protected and therefore remain in the oil as effective
antioxidants for longer periods of time. Studies deal-
ing with the possible mechanisms involved in ‘toco-
pherol retention are currently in progress.

It is recognized that the ratio of metal surface to
fat in the iron tube test deseribed in this paper is

enormously greater than would be encountered in*

actual practice. Ilowever it should be remembered
that the new test is an accelerated holding test de-
signed to rate the cffectiveness of ,antioxidants, par-
tieularly metal sequestering agents, in protecting oils.
For an accelerated holding test the high ratio of
metal to oil is not only desirable but required, just
as high-temperature acration of the oils in the con-
ventional A.OM. test is desirable and required for
prompt evaluation of oils. The iron tube test un-
doubtedly overemphasizes the prooxidant effect of
metals in promoting deterioration of oils in commer-
cial operations; on the other hand, the conventional
A.O.M. test fails to take into account the effects of
dissolved metals and metal surfaces on oils under
conditions of use. The relative keeping times of fats
and dils in.actual practice probably fall somewhere
between these two extremes. Thus both tests have
virtue in evaluating oils; the uniformity of values
by the conventional A.Q.M. test conducted on differ-
ent batehes of a given oil without antioxidants and
metal sequestering agents refleets the reprodueibility
of the oil produced in the plant with vespeet to
inherent vesistance {o oxidative deterioration; the
values by the iren tube test vefleet the degree of re-
sistanee of the oil to oxidation following extreme
exposure to metal eontamination and eontact metal
catalysis.  Certainly, the iron tube test will predict
which oil is better proteeted against the prooxidant
effeets of metals subsequently encountered.

Summary

A modification of the conventional A.QJL. test for
evaluating the keeping qualities of fats and oils has
been presented. This involves the snbstitution of an
iron tube for the glass tube normally - used in this
test. The objeet in this change of procedure is to

’
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permit evaluation of oils under conditions promoting
oxidation catalyzed by metal pick-up and by contact
with metal surfaces, situations encountered in com-
meveial operations. It has been shown that a sub-

7stantial lowering of the A.O.M. values is obtained

when the modified test is used. )

Data are presented on the reproducibility of the
method for evaluating the stability of shortenings
and the protective influence of antioxidants, Iso-

propyl citrate esters, predominantly monoisopropyl .

citrate, have proved to be saperior to other metal
sequestering agents in the test described sinee the
esters can bhe readily added to oils in sufficiently
high concentrations to be effeetive. Tsopropyl citrate
esters protect the oils not only against the prooxi-
dant effects of dissolved iron but also against contact
metal catalysis.

The relative keeping times of fats and oils in ac-
tual practice probably fall somewhere between the
two extremes predieted from the resnlts of the con-
ventional and the modified A.O.DM. tests. Both tests
have virtue in evaluating oils; the reproducibility of
values by the conventional test, condueted on differ-
ent batches of a given oil without antioxidants and
metal sequestering agents, reflects the reprodueibil-

v

5l

ity of the oil produced in the plaut with respect to
inherent resistance to oxidative deterioration; the
values by the iron tube test reflect the degree- of
resistance of the oil 1o oxidation, following extreme
exposure to metal contamination and contact metal
catalyvsis,

All of the oils tested in the present study have
been subjeeted to flavor evaluations in addition to
serial determihations of peroxide value. The former
have supported the latter relative to establishing the
end-point or first sign when the oils develop rancidity.
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Uses of the esters of citric acid for stabilizing edi-
ble oils and fats are reviewed. The actions of these
esters as metal deactivators and as inhibitors of flavor
defects are demonstrated. A modification of the
A. 0. M. stability test is presented as a more critical
evaluation method for oils and antioxidants.

Vegetable oils are generally rich in natural antioxi-
dants, chiefly the tocopherols, which are phenolic-type
compounds. They are therefore more resistant to oxida-
tion than the animal fats, which are practically devoid
of natural antioxidants. This explains the practice of
supplementing animal fats, such as lard, with phenolic-
type antioxidants, e.g., propyl gallate (73) and buty-
lated hydrexy-anisole (6). Commercially processed oils
and fats contain unavoidable trace metal contaminants,
principally iron and copper. It is impractical and
impossible to prevent the pick-up of these trace metals
in the refining of oils and fats. In fact, the original sced
or bean will contribute metals in amounts which in
themselves are deleterious to the oil (4). The practical
solution to the problem of trace metals is the use of an
edible organic acid, or its derivative, as a nietal-
deactivator. .

One practice today is to add citric acid to the oils
undergoing processing (2). This method for stabilizing
oils has several disadvantages. In the first place, a maxi-

-mum of only about 0.005% citric acid can be dissolved

in the oil. Also, heating of oils at the very high tempera-
tures required for the rapid, though markedly limited,
solution of free citric acid, viz., in the deodorization
process, admittedly gives rise to a large number of dif-
ferent degradation products of known and unknown
composition (3, &). Operational difficulties, such as
plugging of valves with solid citric acid, may also be’
encountered. The concentration of free citric acid in
such treated oils is therefore variable and unknown.
Use of free citric acid for stabilizing an oil or fat permits
no control over the quantity of agent present in the
supplemented oil, unless it is added in exceedingly small,
suboptimal quantities following deodorization.

In this laboratory, we have discovered that a par-
ticular class of citric acid esters may be readily added
to oils without any of the disadvantages cited above.
Meare particularly, the solution to this problem involved
supplementation of oils, following deedorization, with
one of the mono-esters of citric acid (/4.

Esters of citric acid as metal deactivaters. Duritz the course

of these investigations, we were able to dumeanstrate that the

esters of citric acid to be effective as metal deactivators must
have 2 free carboxyl groups. Di- and tri-esters are coimpletely
inactive in this respect. The isopropyl citrate esters, predami-
pantly monnisopropyl citrate, in a mono- and di-slyveerile vehicle
are particularly well adapted to the treatment of cdille oils
imimnediately  following  deodovization and  preferably  before
* Presented at the Thirteenth Annual Meeting of the Tustitute
of Foul Technologists, Boston, Massachiusetts, June 23, 1933,

exposure of the oils to air. The higher homologues, such. as
stearyl citrate. are soluble in oils and require no vehicle. Both
the isopropyl (1, 5, 10) and stearyl citrate (5) esters have heen
approved by Federal agencies for stabilizing edible vils and fats.
In so far as degree of effectiveness of their monoesters i3 con-
cerned, the isopropy! and stearyl citrates are equivaleut mol. for
mol. They blanket the practical range of citrate esters from an
economic standpoint. ) .

Iu Figure 1, the individual and combined actions of the true
antioxidant of the plenolic type and of the metal deactivator are

Test Medium (TM): Methy! esters of fatey acids
of cottonseed salad aif + 2 ppm. Fe

g

g

“TM.+0.001% IC

o
Q
¥

TM+008% tocophepol " |

Millimols peroxide pen kilo
(] o
(=) (=]
T H

: e}
S T H008% tocopheral + 001% IC
2 4 [ 8 10 i2 14 24 2% 28
. Days at 95°F. .
Figure 1. Individual and combined actions of phenolic-type
antioxidants and of metal-deactivators in protecting fatty acid
esters against atmospheric oxidation. IC indicates isopropyl

citrate esters,

demonstrated by micans of a special ‘test system. The test
medium consists of specially prepared ® methyl esters of cotton-
seed salad oil fatty acids to which has been added 2 p.p.m. of
iron in the form of iron stearate. Such a medium is the equiva-
lent of cottonseed salad oil free of antioxidants but containing
metal pro-oxidants. One-hundred g. samples in piat-size mayon-
naise jars were exposed to air at 95° F. At intervals, peroxide
value determinations were made according to the method of
Wheeler (13). The metal-deactivating effect of mono isopropyl
citrate is noted in the protection of the medium against oxidation.
When tocopherol is added to the test medium, a marked stabili-
zation against persxide formation occurs; then, in the presence
of the metal-deactivator plus tocopherol, 2 much greater re-

® The esters were prepared by alkaline-catalyzed methanolysis
of cottousced salad oil, which had been previously bleached with
3% Norit (American Norit Co.,, Inc,, New York, N. Y.), fol-
iowed hy a vacuum-distillation. The distilled esters were then
diluted with an equal volumne of mixed hexanes (Skellysalyve-B,
Skelly Oil Co., Kansas City, Mo.), and the solution "passed
through a columu made wp of a mixture of equal weights of
Norit aud Jolms-Manville Fiyfln Supercel. The solvent was -
removed by micans of a vacuuni-stripping and the esters were once
again vacuum-distifel. This distillate was then subjected to
acetylation employing a reaction mixture of 500 ¢ of esters,
00 ml of acctic anbiydride, and 3 drops of concentrated sulfuric
=oid as catalyst, in order to inactivate auy residual tocopheral.
The reaction product was washed thoroughly with hot water
and after deving was subjected to two successive  vacuume-
distitiations, The final distillate was stored at 23° T, overnight
ardd usel the wext morning in the test discussed above. This
ohvieisly overcactions procedure was used in an attempt to
ehtain a tocopherol-free substrate. The Rawlings modification
(1L, 120 of the Enanerie-Fngel method showed no tocoplierols
i the esters prepared in this manner.




siztacee o onidation is attained, as revealed by an examination
of the slopes aof the respective curves. The monoesters of citric
acirl exhibited no activity in protecting the distilled methyl
esters free of trace netals and  polyphenolic antioxidants;
the swne effect has been noted with free citric acid in compac-
able test systems (7).

In TFigure 2 is illustrated an application of the pure mono-
esters of citric acid in the stabilization of commercial salad oils
against oxidation. The test and analyses were run in the same
manaer as described above in connection with Figure 1. Both
thesc oils contained by analysis (11, 12) natural tocopherals in
about 0.03% concentration. In the upper half of this figure the
lack of function on the part of the distearyl ester is apparent.
while the mono-ester is markedly effective in protecting corn
salad oil from peroxide formation. The striking differences in
the stability of soybean salad oil with and without a monoiso-
propyl citrate supplement are pictured in the lower portion of
Figure 2. An extensive program based on studies such as these
demonstrated that commercially refined and deodorized oils
containing unavoidable trace metal contaminants can be readily
stabilized by means of the mono-esters of citric acid.

40

Corn Salad Qil
30-

002; distearyl citrate—=

.0125% monostearyl citrate
L L

I_ Soyabean Salad 0il
30

Millimols peroxide per kilo
(=]

0.0125% monoiscpropyl citrate

N
1 20 30 40 50
Days at 95° F

Figure 2. Protection of commercial salad oils against at-
mospheric oxidation following supplementation with pure citric
acid esters. Oils contain approximately 0.08% native toco-
pherols, ’

Flavor tests using an expert panel. Evaluation of the effec-
tivencss of the ester preparations for uses on a practical scale
has not been based solely on peroxide value determinations.
Repeatedly, various oil samples under code were subjected in
our laboratory to flavor scorings by an expert panel in order to
cvaluate the stabilizing influence of the esters in protecting the
flavor life of edible oils. For these tests covering oils stabilized
according to current commercial practices, the readily available
mixed citric acid esters were employed. The isopropyl citrate
esters were predominantly monoisopropyl citrate, while the
stearyl citrate esters were predominantly the diester, still cou-
taining an cffective coneentration of monustearyl citrate,

As an illustration of the effectiveness of the commercially
available citrate cster preparations, the results of one objective
Havor scoring study are presented in Figure 3. All samples were
refined deodorized oils derived from the same starting refined
soybean oil: The first sample was a soybean salad oil; the
seeond, the same soyhean oil Lydrogenated for margarine manu-
facture; and the third, the same soybean oil hydrogenated for
shortening manufacture. Hali-filled quart-size mayonnaise jars
containing the saniples were stored under air at 95° F. The oils
were scored at 2-week intervals by a pavel consisting of 8 peaple
well experienced in evaluating oil flavors. At scoring times, the
sawples were removed from the 93° F. ronm, melted where
necessury and 5-g. portions for vach puncl member were poured
inty small brown battles. This procedure permitted the careful
warming of cach favor sample as the panel member was avail-
able for scoring without repeated meltings of the large storage
sample. The average numerical scores reported by the panel

Flavoe Stability of foybean Qil with nad without ™

Isoepeopyl Citrate’and Steapyl Citeate ~

{Stoced at 95° F under aie)

Salad oil Margarine oil ' Shortening it
> Good
. .!'r\’v* B
-Faie
° L
& No additives l - No addizives -Very poors
a
1]
B
3
—
-4 .
_g 0.02%.1C 00224 1C -Very pooe
Fé; s Good.
5 41 Py X ey 3
A 34 — — Taip
2+ L
14 015%5C 015%5C 015%5C -Very pooe
1 L L ] 1 'l 1 1 i 3

246 24668B1I 24681012
. Weeks .

Figure 3. Value of commercially available esters of citric
zcid ingstabiuzing the flavor of limpid and hydrogenated soy-
ean oi .

were plotted and the best-fitting curves drawn through the plot
points. The point at which a curve crosses the horizontal line,
representing a score of 3, i.e. an oil fair in flavor, rcpresents the
relative shelf life. In addition, the areas under the curves and
above the “3” score line have been shaded to reflect not only the
relative shelf life but also the degree of acceptability during the
better than fair period. It is seen in Figure 3 that not only are
the Ravor lives of the oils extended by the use. of the citrate

[}

esters, but also the “overall flavor” performances of the oils (as:-
‘represented by the shaded areas) arc markedly improved.
As shown in Table 1, the relative shelf {ife of the limpid soy- -

bean oil is extended by about 509 as a result of supplementation
with the esters of citric acid and that of ‘the hydrogenated oils
more than doubled or tripled. The overall picture of flavor
acceptance, as represented by the shaded arcas in Figure 3, is

shown numerically here to be improved by from 50 to 1009 in .

the case of the limpid oil and by from at least 90 to over 300%
in the case of the hydrogenated oils. In other words, the esters
have also contributed to the maintenance of a higher degree of
flavor ‘acceptance during the period when the oils were satisfac-
tory in flavor. Apparent sheli life based solely on peroxide value
determinatious in these same test systems scemed to indicate a
5-fold improvement. This comparison emphasizes that a more

TABLE 1

Performance of isopropy! and stearyl citrates in stabilizing
the flavor of soybean oil stored under air at 95° F.

oit i Additives Rclatich sh_elf lifee Overall Aavor ¢
(wecks) performance
None S 215
Salad oil 0.025: 1€ 7 325
0.15%% SC 71 - 425
None s 165
Marzarine oit | 0.0257 1C. 144 530+
0.15%% SC 144 7004
None ' -7 315 .
Shorteuing oil 00252 1C i4-4- 6254
0.157; SC 141 6an -

€ Nunthier of weeks scored above feir,
U Relative shelf lite % degree of acceptability s Le., the area in s, mm.
above fair level under enrve as originally platted.

complete study of the flavor life of an edible oil is obtained by
peroxide values supported by actual flavor scorings.

Tests using the A. 0. M. method. The A Q.M. test is fre-
quently wsed o evaluate antioxidants. This procedure has a
very important tse as a couteol methd for routine production
of a single class of oil products. However, A. Q.M. stability
tests are usually conducted in an all-glass apparatus on freshly
processed wils. The citation of such data neglects the possibility
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of changes G the values due to subsequent metal pickup. Oils
wre tamsported from retiner to bulk users in sheet iron tank
ciars. Users cren the fat with other ingredients in sheet iron
mixers, or fry the products in sheet iron vats, Then, why con-
et AN tests only i glass? AL AL tests on oils rela-
tively free of metals can fail to predict which oil is better pro-
tected against subsequent metal pickup. In this laboratory, the
AL O.ML Stability Test as been modilied for investigative pur-
puses by replacing the glass tubes with iron tubes of the same
design. The advantages and limitations of the modified pro-
cedure as a rescarch tool are fully discussed elsewhere (9). The
usual peroxide value determinations are supplemented with
flavor scorings of the oils as they undergo oxidation. For com-
parative purposes, tests using the all-glass apparatus’ are also
conducted.

In Figure 4 are presented the results of a study of commer-
cially available shortening products. With the exception of

Hours to rancid point Hoursto rancid point
(i00 peraxide value) (100 peroxide value)
x L
200} ’ 200}
Glass tubes Iron tubes
130 150+

100

g

NS Ao T A ety 5 s Rl
T

A0 test of shortenings

Code: AXB = Lards + antiaxidant t:njx“ip“
C-K= rogengted etable oils
L = mrogenateﬂ. ?e%emble oil +0.08% isopropyl citeate

Figure 4. The marked decreases in A.0.M. stability values
when shortenings are aerated in iron tubes.

Samiples A and B which were lard products supplemented with
antioxidants. all the other shortenings were hydrogenated vege-
table oils. The striking decreases in the A. O. M. stability values
when the tests are run in iron tubes are quite apparent in all
samples except one. Only in the case of shortening “L.” con-
taining the relatively high level of isopropyl citrate, 0.08%, a
concentration not obtainable with free citric acid, is the re-
sistance to. oxidation maintained to alinost the same degree as
that in glass tubes.

A comparable sturdy, as exhibited in Figure 5. deals with the
cvaluation of antioxidauts by means of the customary and the
modified A.O.M. test. In this particular series, the same
hydrogenated vegetable oil was used throughout, but supple-
mented with different antioxidauts, alone and in combinations

Hours o renad paint
(100 perexide value)

30 . (50‘\
0\;\"*\ B

Hours to rancid point

(100 pzroxide value) o“"ﬁ

3001 o
e

250+ ;\a,é»"‘&

230

200
Iron tubes

Cede: BHA = 002 %6 duty'ated hydeoxyamsole
CA =0209 " ¢ z ocid
PG =03~ propyl gallare
L =010 * lecitnin
IC =008 * uscpropyl citrate

Figure 5. The effectiveness of isopropyl citrate, predomi-
nantly the mono-ester, in protecting shortening against oxida-
tive deterioration aceelerated by iron catalysis,

m the customary concentrations used eonumercially as indicated.
From the results obladned in gliss tubes, various anstioxidant
combinations are appavently superior 1o the bopeopyl eiteate
taed as cole protocting asent. Hlowwever, whest the teity are
conducted i iron tubes, s iy not the case. Undor these
accelerated conditinns of test. providing for oxidative deteriora-
tion of the oils premoted by netal pickup and contact metal
catalysis (9), conditions cnucountered during cominercial opera-
tions, the relatively higli concentration of Bsopropyl citrate
coniers a degree of stability steikingly superior to that attained
with the other antioxidauts, whether aloue or in combinatings,
The best combination of antiaxidants appears to be that including
hutylated hydroxy-anisole, propyl gallate, and tsopropyl citeate,
Flavor scorings conducted on all these test systemms supported
the A O. M. values reported.

The results presented in Figures 4 and 3 are representative
of a number of such studics. The precision of the tests conducted
on oils and on antioxidants in iron tubes has been found to be
almost as good as that obtained with the unmodified pro-
cedure (9). The values are reproducible in the authors’ labora-
tory to within == 2 hours. It is apparent from Figures 4 and §
that citric acid itself caunot be readily incorporated in oils in
the concentrations necessary to produce the effects obtainable
with monoisopropy! citrate.

SUMMARY

The necessity of adding a metal-deactivating agent for
stabilizing oils and fats against oxidation and flavor
reversion is emphasized. Citric acid is an effective ma-
terial, but in using this compound, the processor has no
control over what remains qualitatively and quantita-

tively in the finished oil, not to mention the possibility of.

operational problems when the addition is made during
the deodorization stage. These criticisms do not apply
when the esters of citric acid are employed after deodori-
zation. Lase of use and ready solubility” very definitely

favor the esters of citric acid. Far higher concentrations -

of metal-deactivator compounds in oils are readily at-
tained with the esters of citric acid for counteracting the
pro-oxidant effects of metals. This is illustrated by re-
sults obtained from a modified A. O. M. test procedure
involving aeration of oils in iron tubes rather than in
glass.

The plea is made that objective flavor scorings be
carried out more often on oil and fat products held under
realistic conditions of storage before generalizations on
flavor life are drawn. Peroxide value determinations are
of greater value when suppletented by such flavor
scorings.
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_+50.<5~ - Similarly, 1{—)-s-phenoxybutyric ncid was isolated  moles cysteine and 1 mole a-oxoglutaric acid, the soln. neutral- ' '
in]{;?,o ggeicgs starting from 1 mole I and }molicinchonixdine; b ized, stirred with CuCl, 21 mole(;zMe();{ (or liie;CO') added. and .
]t —50.1°. uan Longeria 11 the mixt. centrifuged to give the Ca sal 1) of ATP-cystei
Prophylaxis against smallpox and treatment of vaccinia with : R give the Ca salt (1) of ATP-cysteine,
l-metﬂy isatin g-thiosemicarbazone. Denis J. Bauer and Peter ?:'sgjdﬂ:?;r s 1O, non-hygroscopic, and us;'{fp ey ?;m-m-'-’w
¥ Sudler (1o Burroughs Welicome & Co. (US.A.) Incy,  iouilstor. ining di rosh! Rataoka
U.5. 3,253,901 (CL. 167-65), May 31, 1006; Appl. Dec, b, Cak.lrms.\.euﬁcals containing dunethyls}dfox!de. Olin Mathie-
1060, -and Nov. 22, 1963; 4 pp.  1-Methylisatin 8-thiosemicn.r—~i0935. amxml %{E‘. Bulg._ 678’500' April 6, 1060, Appl. Oct.g’, R
bazone (1), m. 245°, is effective in the prophylaxis and treatment Me;SIO 092;};_2 007 mﬁgeutlca > were prepd. oc'ontg. 10.0-99.8%, -
. of smalipox and vaccinia. Also prepd. were the p-thiosemi- MeSO was mi é&g;_;r}\]gagc‘ntgnd 0:01~20% therapeutic drug.
- carbazones of the following substituted isatins (substituent and et with ‘\Y(CXH CH’ o““— sarboxyvinyl polymer vehicle and
m-ps. given of isatin and thinsemicarbazone): 1-Et, = 208% C were e - 120H )i to give a gel contg. Me:SO.  Other
1-Pr, —, 193° 1-Bu, 36°, 155°: 1-pentyl, 47°, 184%7 Liso-Ir. £ ere prepd. using triamecinolone acetonide and hydroxy-

hloroquine ' i i
~62°, 225%; l-{prop-2-ynyl), 163°, 250° (decompn.); I.allyl, ¢ Shloroquine. .  Judith A Douville .
89°, 201 " Lhydroxymethyl, —, '2age: (lf(‘ﬂf,’:;’f;,ixyc,ﬁy’,)_ Urescontaloing diuretics. CIMEPHA S.A. Brit, 1,014,223 -
1o 7' Lacetonymethyl, 100%, 230°%; 142-acetoxymethyl), {Cl- A 614), Dec. 22, 1965; Fr. Appl. Jan. 23, 1963; 13 pp. -
113°, 244° (decompn.); 1-(2-bromocthyl), 131°, 227° (de. ‘1 #4. soln. of 309 urea and 102 manitol injected intrave.
gompn.); l-acttyl, —, 244°; Bfluoio-l-methyl, ‘151°, 260°; PoUsly has & diuretic and cerebral decompression effect.

l-ethyl-5-Auoro, '131°," 208°] 1 7-trimethylene, 161°, 235°) , ) Joachim Anschel .
1,7-dicthyl, —, 260 (decompn. ). Joachim Anschel . Pharmaceutical composition for treating rhoumatoid srthri-
Germicides. Whitmoyer-Reed Lid, Belg. 672,383, March 4% Liustacc C. Barton-Wright. Brit, 1,033,843 (Cl. A Olk), . 5
. 16, 1968; Brit. Appl. Nov. 16, 1964; 12 pp. Titlecompns., asa  JUne 22, 1956, Appl. May 23, 1064; 2 pp.  The oral administra. ©

concentrate for diln, with H,0, contain jodine, an amphoteric  tion of a compn. contg. d-pantothenic acid and 10-hydroxy-at.

" HO-sol. surfactant R‘R'R‘CN!!(CH;CHR‘O),,SO;X and H,PQ,., decenoic acid Rave considerable remission of the symptoms of
. The conceatrate contains 0.5 ta 675 of iodine and with the pro- d Theumatoid arthritis as evidenced by tests on human beings. -

: rtion of surfactant from 2:1 to 10,1 and 2 to 5%, 85% H,PQ,. Acceptable salts of these acids could be used admixed with an

- For example, 3.5 parts of lodine and 20 parts of the surfactant cxeipient, such as lactose or starch, and this compn. placed in an

© (X = Na, R¢ = H, 5 = 15 and the tertlary amine radical con-  €0teric containcr, . Thqs, 50 mg. Ca d- antothenate,; 5 mg. 10-

' tained 1210 15 C atoms) werk intimately mixed to form a homoge.  Bydroxy-Al-decenoic acid, and 45 mg. Iactose were mnixed and
neous iodophare which can be trunsformed into a germicidal con. __ filled into bard gelatin capsules, and the cnpsules were enteric-
centrate suitable for the dairy industry and for the breeding of — coated with cellulose acetate phthalate or keratin, .

iodophore was mixed with . . : Grorge Meister .

50 parts of 85 H,PO, and with H,0 to give 125 parts total. Surgical skin disinfectant. Koninklijke Industricele Maat-
- The diluted product formed an excellent detergent germicide, schappij voorheen Noury & van der Lande N.V. Noth. Appl.

P F. J. Sprules 6,410,461 (Cl. A 61/), March 11, 1968, Appl. Sept. 9, 1984; 3 | °
- Germicides containing jodine and a surfactant. Michel Plis. ¢ PP.. A soln. of an lodine-poly(N-vinylpyrrolidinone) adduct |.

bosier, Fr. 1,620,139 (CL. A Gl), Jan. 28, 1966, Appl. July 7, ° (1) in 96% EtOH contg. ~19, tartaric acid (L) was used as a -

1964; B pp. Title corupns. are prepd. by warming an iodin preoperative surgical skin disinfcv:t.ant._ Thus, 1 1250 and IX o
complex und an anionic surfactant such n?s an nlkagli metal oi 450 g. were added to 451. 08% EtOH while stirring, and the vol. e E
- ammonium salt of a sulfated fatty alc. contg. 8 to 18 C atoms, Was brought to 50 1. with 0% EtOH. ) E. A. Gryp

. preferably sodium lauryl sulfate. The two materials arc warmed Recovory of methionine from an fqueous golution containing
.. in a sealed vessel without H,0. Later, H,O is added, the pH — aaunopium sulfate and methionine. Stamicarbon N.V.: Netk.
©:, edjusted to 8, and this mixt, warmed further. In the first  Appl. 6,411,467 (Cl. C 07¢), April 4, 1968, Appl. Oct. 2, 19G4;
* stage, the warming is done at 60-80° for 1-3 hrs. Inthesecond 4 pp. The mother liquor (1 kg.) (contg. 35 wi, % (NHKWSO,
- " stage, warming lasts 12-24 hrs. The ratio of iodine to surfac- (I} and 1.4 wt. %, methionine (1)), obtained after sepn. of II . -
‘. tant is 1:20 to 1:40. For each g. of jodine used, 100 c¢. H,0 {rom a reaction product by crystn., was cxtd. with 617 g. 95 -7
. is added. The ncw compns. thus contain 0.5 to 0.7% iodine. , wt. % ale. at 70° to give 8U8 g. HO layer and 809 g. ale. layer.
The ratio of surfactant to iodine varies from 20:0.5 o 40:0.7. / Upon removal of the alc. (20.5 . and 587.5 g., resp., 05 wt. £,
.-t From 0.25 to 0.65% of the iodine is combined. F. ]. Sprules which was recycled to the extractor, 763.5 g. ag. soln. coutg.
. Antithrombose preparations. Aktieselskobet Trombo, Neth, 342 g.Iand 236.5 g. aq. soln. contg. 14 g1l and 8 g. I were l
. Apopl. 6,507,473 (gl. A 61k), Dec, 13, 1965; Brit, Appl. June 11, Obtained, The latter soln. was cooled to 0°land fltered to give
" 1864; 18 pp. The active component of the prepn. is linolenic  10.5 g 1, while the filtrate was returned to the reactor. : ’. .
?

‘acid (1), It is used as its Ca or Mg salt, or it can be added to — . Jack J. Weber
edible oils and fats such as butter; in tiis case, antioxidants have Oral contraceptive composition. SPOFA United Pharmaceutical

to be added. The Ca salt of mixed fatty acids contg. I are Works. Neth. A pL.6,512,823 (Cl. A 81k), April 7, 1068; Czech, -
prepd. as follows: 10 kg. refined I is refluxed 30 min. with 70 Appl. Oct. 8, 1964; 3'pp. A coutraceptive is prepd. contg. an
ml. 0.5N ale. KOH. The mixt. is cooled to ambient temp., and  estrogen and a gestagen component in amts. which arce equiv. to .
140 ml. 0.25N Ca(OAc)s soln. in 70%: EtOH is added. The 2000 1.U. estradiol and 10 LU, progesterone with an admissible :
ppt. is sepd. and washed with V8% EtOH to give 7.2 g. of the @ difference of 5%%. Such prepus., e.g. contg, 0.1 mg. ethynyl-

s e

tixed Ca soup (fraction 1). The LtOH is evapd, in vacuo from  estradiol 3-Me cther und 5 mg. 18-methylene-6-dehydro-1Ta~ £
the filtrate and the residue washed with JU0 ml. redistd, 1,0, acctoxyprogesterone in a daily dose, do not have an androgea side~ - 7
filtered, and washed with #,0 to give 3.2 5. mized Ca soup (fruc-  action and do not damage the blood vessels or the liver function. ¥
" tion 2),  Gas chromatagraphic anal. shows fractions 1 amd 2 P, Vink j
to contain 41 and 60.5%, I, resp. A soln. of 2 R. Lin bl 1,0 Antivomiting agents for children, Berk Pharmaceuticals 5
13 added to d soln. of 0.78 . KO in 20 inl. EtOH. At ambicnt  Ltd.  DBrit. 1,032,175 (C1. A 81%), June 8, 1966; Fr, Appl. July [
lemp., & 2M aq. soln. of CaCl is added, and the ppt. is sepd, 19,1862 4 pp. A medicament for inhibiting voumiting ia babics - &
5

and worked up to give 2.16 1. [ Ca salt.1/2CalOH)y {m. 160 and young children comprises 5-307 of a trimethylsilyl-termi-
3° (dtcompn.)g. In an apalogous manncr, the I Mg sait 1/2Mg- nated poly [dimethylsiloxane) (I} of d. 0.973 and nyd 14035, and -

i (OH) (m. 184-6° (decompn.)} is oblained. A prepu. contg, - contg. ~330 SiMe0 units, in whale carob bean flour (1), A
80 g. margarine, 50 g. purified 1, tL.00% tacopherol, 0.025, & typical ooaipa. contains 10 . I, 50 g. I1, and sweetened excipient
butyiuted hydroxyanisole (I1), 0.025, aworbyl palmitate (1),  to 100 g. The mist. is gratulated, dried and fively sicved.
and 0.02% 130-Pr citrate (calad, on 1), and tablcta of 7 Ca salt  The compn, is useful in preventing voiniting due to infectinns
650, pL-a-tocopherol acetate 0.3, Pr gallate 0.1, 11 0.06, HLO.18,  such as weningitis, surgery, pyloric stevosis, lactation intoler-
dried Rtarch 200, mj nnltol 100, Et cellulose 1, and dried potnta  mouces, ete, P. Mamaiis

- starch 49mg.,uedE bed, 8. A V. Welle Complex of chlorhydroxyquinoline irlth bismuth, Olin Ma-
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Abstract

Antioxidants markedly accelerate milk
fat peroxide breakdown in vacuo at 40 C,
Except for nordihydroguaiaretic acid the
rate of breakdown of peroxides by the
antioxidants inereases with inereasing anti-
oxidant concentration. With nordihydro-
guaiaretic acid, the rate of breakdown de-
ereased with increasing nordihydroguaia-
retic acid econcentration. The synergists,
citrie acid and isopropyl citrate, deereased
the rate of breakdown of peroxides com-
pared with controls and significantly in-
hibited the acceleration of peroxide decom-

. position caused by the addition of anti-
oxidants.

Introduction

Antioxidants are widely used to increase the
stability of - fats and oils. Their effectiveness
is generally attributed to their ability to react
with free radicals and terminate the chain re-
action hetween unsaturated fatty acids and oxy-
gen (7). Certain substances called synergists
are known to enhance the effectiveness of anti-
oxidants. Some investigators have postulated
that synergists react with traces of metal ions
in the system and prevent the metal ions from
catalyzing the oxidation (7). There is no doubt
that metal jons will catalyze autoxidation and
that it is extremely diffieult to remove the last
traces of them from fatty materials.

Privett (3) and Privett and Quackenbush
(4,5) studied the effeet of antioxidants on the
decomposition of peroxides in the absence of
oxygen, and they found that a-tocopherol,
NDGA, and hydroquinone greatly accelerated
the decomposition of peroxides in lard ineu-
bated at 100 C. The synergists, ascorhie acid
and citric acid, when added salong with the
antioxidants, inhibited their ability to decom-
pose peroxides. This suggests that synergists

Reccived for publication June 25, 1969.
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" have an effect on antioxidants that may not be

mediated by metal ions.

The purpose of this paper is to confirm the
interesting ohservations of Privett and Quack-
enbush, to extend their observations to milk fat
and the low ranges of peroxide values impor-
tant in organoleptic studies, and to see if the
effect they reported is useful in the selection
of antioxidant-synergist combinations for the
preservation of milk fat.

Experimental Methods

Milk fat was prepared as deseribed previously
(2) and allowed to oxidize to a peroxide value
of one to two. The oxidized oil was then sub-
jected to a vacuum of 5u or less for at least
12 hr. Then, with as little exposure to air as
possible, the fat was divided into four parts,
and ethanol solutions of antioxidants were
added to three of the portions of fat. An equal
volume of ethanol was added to the fourth por-
tion as a control. The four portions of fat
were degassed for 30 min under vacuum - to
remove most of the aleohol, and the samples
were transferred by syringes to a number of
small tubes. The tubes were constricted to
make it easier to seal them under vacuum. Kx-
posure to air again was avoided as much as
possible during the transfer. The tubes were
degassed for 24 hr under a vacuum of 5 p or
less to remove the last traces of ethanol and
oxygen. The tubes were sealed with a hand
torech while still nnder vacuum.

The sealed tubes of oxidized fat were incu-
hated in n water bath at 40 C. At suitable in-
tervals tubes were removed to determine the
peroxide value by the method of Hamm et al.

(1).

Results and Discussion .

The magnitude of the antioxidant effect
varied with the particular lot of milk fat, and
for this reason the antioxidants BHA, NDGA,
and a-tocopherol were compared using the same
lot of milk fat. The tests were made with ad-
dition of both 0.1 and 1.09, antioxidant. Re-
sults are given in Figures 1 and 2. Nordihy-
droguaiaretic acid had the least effect at 1%,
but at 0.1% it had a greater effect than BHA




ANTIOXIDANTS AND PEROXIDE COMPOSITION
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F1o. 1. Comparison of the effectiveness of anti-
oxidants at the 1% level on the decomposition of
milk fat peroxide in vacuo.

and ahout the same effect as a-tocopherol. Ad-
dition of 0.05 and 0.019, antioxidant was tricd,
but the effect on peroxide decomposition was
too small to be observed consistently. Thus,
these effeets ean only be observed well above
the legal limit of 0.02% by weight of antioxi-
dant. The level of a-tocopherol expected in
milk fat is onty about 0.0024%; thercfore the
addition of antioxidant at 0.01 or 0.05% should
be a considerable increase over the natural level,
In their studies on lard, Privett and Quacken-
bush (3-5) used much higher peroxide values
and suggested that the antioxidant might be
catalytic. In our experiments the molar ratio
of antioxidant to peroxide was about 40 to 1
at the 19 level of antioxidant and 4 fo 1 at
the 0.19 level, so it would be impossible to
distinguish a catalytic effect from a stoichio-
metrie one.

The effect of 19 of the synergist isopropyl
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Fic. 2. Comparison of the effcctiveness of anti-
oxidants at the 0.19% level on the decomposition
of milk fat peroxide in vacuo,
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Fi1g. 3. Effect of 19 butylated hydroxytoluene
(BHT), 1% isopropyl eitrate (IPC), and 1%
BHT + 19 IPC on the decomposition of milk fat
peroxides in vacuo. :

citrate is shown in Figures 3 and 4. In some
instances, the rate of peroxide breakdown in
samples treated with synergist was less than
that of the control. This same effect was found
with citric acid as a synergist. The eombination
of synergist and antioxidant gave considerably
lower rates of peroxide decomposition than
sumples containing only antioxidants and in
some instances lower than the control.-

These results completely confirm the findings
of Privett and Quackenbush and show their
conclusions are also valid for other antioxi-
dants and synergists.

Since the synergist alone seems to stabilize
the peroxide, it is likely that the synergist
is binding traces of metal ions present in the
fat and preventing these ions from catalyzing
peroxide decomposition. The synergist may
block peroxide decomposition by inhibiting
peroxide decomposition by the small amount
of tocopherol naturally present in the milk fat;
however, our results indicate that the effect
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Fi6. 4. Effect of 1% propyl gallate (PG), 1%

isopropyl ecitrate (IPC), and 1% PG +19% IPC

on milk fat peroxide decomposition in vacuo.
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of this amount of tocopherol on peroxide re-
composition would be too small to observe.
The synergists also blocked the acceleration
of peroxide decomposition caused by the addi-
tion of antioxidants. One could argue that
metal ions are required for the accelerating
action of the antioxidants, and the effect of the
synergist is still a metal ion effect. However,
antioxidants, synergists, and peroxides are all
considerably more polar than the fatty medium
in which they are dissolved. Under such- con-
ditions they might be expected to assoeciate. The
association of peroxides has already been in-
voked to explain certain kinetic phenomena

(6). The synergist may simply be associating -

with the antioxidant or peroxide and decreas-
ing their association with eheh other.

It the oxidized flavor of milk fat arises from
the decomposition of peroxides, as is commonly
assumed, then the addition of synergist to anti-
oxidants ought to prevent oxidized flavor much
better than antioxidants alone. Recent work
at our laboratory indicates that this is not truc
for isopropyl citrate (2). This may be because
the oxidized flavor arises primarily by the
breakdown of free radicals during the chain
reaction before hydroperoxides are formed.
The effects noticed at 0.1% antioxidant level
may not occur at the 0.029, level used in the
organoleptic experiments. The effect of anti-
oxidants and synergists may mnot be the same
on all fatty acid peroxides; thercfore, & gen-
eral measure of peroxide value does not tell
the complete story. Although isopropy! citrate
was not particularly effective in suppressing
oxidized flavors, thiodipropionic acid which is
usually regarded as a synergist was quite ef-
fective. -

The samples for peroxide values at zero time
were taken just after the sealing of the tube,
after they had been degassed in the presence of
antioxidants for about 12 hr. Nearly always
the control sample had a higher peroxide value
than the samples treated with antioxidant. The

(3) Privett, O. 8.

peroxide value by the method of Flamm et al.
(1) is an empirical procedure. To make sure
that the peroxide values recorded wero not be-
ing affected by the large amounts of antioxi-
dant being added, samples of milkk fat were
treated with amounts of antioxidant ranging
from 0.01 to 3.2¢, and the peroxide values
were taken immediately after addition of the
antioxidant. The peroxide values all agreed
with the control, indicating that the antioxi-
dant had no effect on the test, and the decrease
in peroxide during degassing in the samples
treated with antioxidant was due to the acceler-
ation of peroxide breakdown by the antioxi--
dants.”
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